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FOREWORD 


In recent years a serious infestation of spruce budworm developed in 
the timber stands of the Challis and Salmon National Forests in Idaho. The 
infestation intensified and magnified in area as the spruce budworm out- 
grew it natural enemies. As heavy losses in the 1.5 million acres of timber 
appeared certain, various methods to arrest the infestation were considered. 


Satisfactory nonchemical measures to combat the spruce budworm 
have not yet been found. 


After much deliberation and thorough investigation, Forest Service 
officials decided on aerial application of DDT as the best method of con- 
trolling a major part of the infestation. Concurrent with the decision to 
spray, administrative personnel were charged to take whatever steps were 
necessary to minimize the hazards to plants and animals associated with 
the infested timber as well as to decrease to a bare minimum the dangers 
to people. They also were instructed to carefully evaluate any impacts the 
control might have on forest environmental factors other than the target 


insect. 


This report presents the method, measurement, and results of an in- 
tensive effort to monitor the impacts of large-scale insecticide spraying on 
various constituents of the forest community. Some phases of monitoring 
will extend into subsequent years. Supplemental reports will be issued as 
the results become available. 


Much information in this report is directly attributable to the excel- 
lent cooperation and interest of other agencies and individuals, whose as- 
signments were carried out with a high degree of professional ability. I take 
this opportunity to extend my sincere appreciation for their valued assistance. 


Syd Cro 


Regional Forester 
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SUMMARY 


Since 1958 a spruce budworm infestation 
within the Salmon and Challis National For- 
ests, Idaho, has spread and intensified. It 
increased to 1.5 million acres by 1963. More 
than 21 billion board feet of timber were 
threatened. Loss of the timber, mostly ma- 
ture and over-mature Douglas-fir, could have 
caused a serious disruption in the area econ- 
omy. 

In July 1964, 525,000 acres within the Sal- 
mon National Forest, approximately one-third 
of the infestation, were treated with DDT to 
stop the serious losses which appeared im- 
minent. Tributary drainages of the Salmon 
River from Horse Creek upstream to Carmen 
Creek below the town of Salmon, Idaho, were 
sprayed. Strips along fish producing waters, 
community water supplies, and other “sen- 
sitive’ areas, where possible damage to other 
resources might result, were not sprayed. To 
maintain the best possible control of spray 
materials, approximately 41,000 acres adja- 
cent to nonspray areas were sprayed by 
helicopters. The rate of application was 
0.5 pounds DDT per acre. The remaining 
area was sprayed by fixed-wing craft dispens- 
ing 1 pound DDT per acre. Both applica- 
tion rates were in 1 gallon of diesel fuel per 
acre. 


To protect against damage to other for- 
est resources, additional provisions for con- 
trol of spray materials were necessary. Ob- 
servers in small planes and helicopters helped 
guide spray pilots and checked on proper 
control and application of spray materials. 
Pilots and observers were briefed daily. They 
also were given orientation flights to acquaint 
them with terrain, protection measures, and 
the best flight patterns. Spraying was termin- 
ated when weather conditions exceeded estab- 
lished safe tolerances for spray control. Home- 
steads, pastures, irrigation ditches, reservoirs, 
streams, nontimber types of more than 160 
acres, and noninfeste? timber types were 
designated as nonspray zones. 

This report presents findings of an inten- 
sive monitoring program which was conducted 
to evaluate forest environmental impacts re- 


sulting from this spray project. Trained wild- 
life personnel of the Forest Service and Idaho 
Fish and Game Department were detailed to 
conduct fish and wildlife monitoring. Addi- 
tional assistance was provided by other Fed- 
eral agencies such as the Bureau of Sport 
Fisheries and Wildlife and the Agricultural 
Research Service. Other Idaho State agencies 
— the Department of Agriculture, and the 
Department of Health — also assisted. 


Chinook and sockeye salmon, as well as 
steelhead trout, hatch and grow in or migrate 
through streams within the project area. The 
importance to the sport and commercial fish- 
eries of these anadromous species as well as 
resident trout populations, necessitated adopt- 
ing stringent measures for stream protection. 
Nonspray zones were established on each side 
of more than 700 miles of streams flowing 
five cubic feet or more per second. Helicopters 
applied a 0.5 pound DDT per acre in zones 
adjacent to nonspray areas. 


Measuring abundance of drifting aquatic in- 
sects before and after spraying and using oil- 
sensitive dye-cards to determine spray distri- 
bution were two methods used to check con- 
trol effectiveness. As a result of surveillance, 
nonspray zones along the streams were wid- 
ened twice during the project. Spray applica- 
tion by fixed-wing planes was moved back 
from the streams to twice the distance origin- 
ally designed. 


To determine the impact of spraying on 
aquatic insect fauna, bottom organisms were 
sampled before spraying, immediately after 
spraying, and again in October, 3 months 
later. In the few areas where excessive num- 
bers of insects were caught in drift sampling, 
as an apparent result of spraying, little re- 
covery occurred in bottom insect populations 
duringthe 3 months following spraying. 


No streams studied suffered complete loss 
of bottom insects. Three of five streams sam- 
pled before spraying showed a decrease in 
total numbers in the first postspray evalua- 
tion. Two of these showed a marked recupera- 
tion by the October postspray sampling. Of 27 


additional stations sampled immediately post- 
spray, six did not show a marked increase in 
numbers by October. This situation cannot 
be identified as correlated with spray pollut- 
ants. Normal faunal dynamics of these streams 
are not known. There was a shift in the com- 
position which was not entirely comparable to 
the change that occurred in the two control 
streams. 

Insects of the orders Trichoptera (caddis 
flies) and Ephemeroptera (May flies) made 
up a smaller percentage in the fall samples 
than before and just after spraying. Seasonal 
fluctuations in aquatic insect numbers and 
composition are normal. Prior population 
measurments for the sample streams are lack- 
ing; thus, it is impossible to know what part 
of the measured changes may be natural and 
what part may be a result of spray materials 
getting in the streams. 

Water samples were taken to help define 
possible correlations between aquatic insect 
losses and DDT in streams. Residue amounts 
in water were determined to a minimum de- 
tectable level of 0.2 part per billion. Only two 
samples indicated levels greater than one part 
per billion. Smaller amounts could in some 
cases be correlated with increases of aquatic 
insect losses, but not in all. Water samples 
taken continuously for periods of an hour or 
more apparently provided better evaluations 
of DDT in the stream than did periodic dip 
samples. 

Chinook salmon and rainbow trout were 
held in live-boxes in streams within the pro- 
ject area and in control streams outside. Acute 
mortality of fish was not significantly higher 
in the project streams than in the control 
streams except where sudden drops in water 
levels appeared to be accountable for addi- 
tional losses. 


Many samples of various biological entities 
of the forest were taken. This was done to 
determine DDT residue levels that might re- 
sult from the spray operation. In most cases, 
sampling was done before spraying, shortly 
after completion of spraying, and periodically 
for some time thereafter. Samples from con- 
trol areas were also taken for comparative 
purposes. Cooperating agencies analyzed all 
samples. 
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Results from analyzing the various samples 
for total DDT and DDT metabolites are given 
in parts per million (ppm), without adjust- 
ments for recoverability or extractable lipid 
contents, 


Two prespray samples of chinook salmon 
used in live-box tests registered 0.023 and 
0.029 ppm. Two postspray samples showed 
1.66 and 0.532 ppm. 


All prespray samples of rainbow trout in 
live-box tests had detectable amounts from 
0.054 to 0.234 ppm, averaging 0.115 ppm. In 
July the postspray sampling average rose to 
1.608 ppm. In August the average was 1.687 
ppm but it dropped to 0.328 ppm in October. 

All wild fish sampled had measurable 
amounts of DDT residues in their body 
tissues. Prespray levels ranged from 0.020 to 
0.410 ppm, averaging 0.117 ppm. In July, 
just after spraying was completed, the aver- 
age rose to 0.875 ppm, and continued to rise 
to 1.037 ppm in October, 3 months after 
spraying. 

Aquatic vegetation was sampled and ana- 
lyzed. Six of 14 prespray samples had meas- 
urable amounts of DDT ranging up to 0.034 
ppm. Only slight increases were noted in the 
October postspray samples, but each one did 
contain measurable amounts, ranging from 
0.017 to 0.050 ppm. 


Adipose (fatty) tissues were sampled from 
big game animals taken from within the pro- 
ject area before and after spraying and from 
animals well outside the project area as con- 
trols. Every animal from the project area had 
measurable amounts of DDT in the adipose 
tissue. Five prespray mule deer sampled had 
from 0.010 to 0.033 ppm. Nine deer sampled 
1 month after the spray project ranged 
from 8.51 to 48.14 ppm, averaging 21.18 ppm. 
Two to 3 months after spraying 16 deer 
had an average of 19.36 ppm, ranging from 
0.60 to 128.65 ppm. Thirteen elk taken 2 
to 4 months after spraying ranged from 
0.29 to 84.36 ppm, with an average residue 
level of 18.30 ppm. Five mountain goats a 
little over 1 month after spraying had resi- 
due levels ranging from 33.91 to 60.70 ppm, 
averaging 45.20. Samples of all three species 
taken from control areas ranged from less 


than 0.01 ppm for most samples to a high of 
0.25 ppm for a mule deer. 


Rumen samples from four prespray mule 
deer samples had no detectable amounts of 
DDT. Samples from the rumen of five mule 
deer taken 1 month after the spray project 
varied from 27.0 to 185.3 ppm. 


Whole-carcass analyses of robins taken as 
prespray samples from the project area show- 
ed levels from 0.26 to 3.13 ppm, averaging 
1.165 ppm DDT. Postspray samples rose to 
an average of 3.16 ppm, ranging from 0.62 
to 5.85 ppm. 


Three blue grouse, taken after spraying had 
whole-carcass DDT levels of 7.84, 8.36, and 
12.54 ppm. 


Upland vegetation samples were taken 
from project sites known to have received 
DDT spray. This sampling was to evaluate 
the persistence of DDT on vegetation. Four 
species have been analyzed. There were no 
detectable levels in any prespray samples. 
Immediately after spraying levels ranged from 
79.3 ppm for Douglas-fir to a high of 384.1 
ppm for bluebunch wheatgrass. Levels in all 
species dropped abruptly within the next 
month, and 3 months after spraying levels 
were about one-half of what they had been 
immediately following spraying. 


Samples from a number of agricultural 
products were analyzed. Cream samples from 
producers within and outside the project area 
showed no detectable levels of DDT before or 
after spraying. There were no Grade A milk 
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producers within the project area but samples 
from producers from 4 to 10 miles outside the 
project area had no detectable DDT levels. A 
sample of adipose tissue from one beef animal 
4% months after coming off range within the 
project area, tested 5.19 ppm. Culinary water 
samples from public use sources had no de- 
tectable levels of DDT before or after spray 
operations. 


This monitoring program was designed to 
measure residue levels but not to investigate 
the probable impacts from the sublethal levels 
which were found. No wild fish or warm- 
blooded animals were found as acute losses 
during or after spraying. 

A limited study was conducted of bird pop- 
ulations in two 40-acre plots. No marked 
shift in numbers was found between prespray 
and postspray censusing. 

Under cooperation by agreement with the 
Forest Service, the Idaho Fish and Game De- 
partment is conducting a study on some long- 
range impacts of DDT on aquatic insects and 
fish. Results will be reported separately when 
the study is completed. 


Under other agreements, the Idaho Fish 
and Game Department conducted special 
spray evaluation studies in 1963 and 1964. 
These were conducted on Hughes Creek, a 
stream within the 1964 project boundary. 
Special application patterns were made and 
a more intensive evaluation made of spray 
distribution and impacts on the stream. A 
report of these studies is attached to this re- 
port as an addendum. 


THE AERIAL SPRAY PROJECT 


PROJECT AREA 


By 1963, approximately 1.5 million acres of 
timber on the Salmon and Challis National 
Forests in Idaho had become infested with 
spruce budworm (Choristoneura fumiferana 
Clem.). Douglas-fir (Pseudotsuga menziesit) 
was the primary timber type and carried most 
of the infestation. Engelmann spruce (Picea 
engelmanni) and subalpine fir (Abies lasio- 
carpa) made up small portions of the stands 
and were also infested. 

In July 1964, 526,147 acres of the more 
heavily infested stands were sprayed with 
DDT. The project area (fig. 1) was entirely 
within the Salmon National Forest bound- 
aries, It included infested timber types along 
the main Salmon River from about 15 miles 
north of Salmon, Idaho, down-river to and 
including Horse Creek and the main tribu- 
taries of Panther Creek and the North Fork 
of the Salmon River. Included also, as a small 
portion of the project area, was the upper 
end of the Camas Creek drainage, tributary 
of the Middle Fork of the Salmon River. 


Terrain in the project area is extremely 
steep and rugged. Elevations range from 2,800 
feet above sea level at the mouth of Horse 
Creek to several peaks above 8,000 feet. Most 
of the elevational changes are quite abrupt 
with 3,000- or 4,000-foot rises within 1 to 
2 miles of the river. Access by roads is 
very limited and usually confined to the drain- 
age bottoms. There is a network of several 
hundred miles of live streams in the project 
area, all of which are tributary to the Salmon 
River which flows westerly into the Snake 
River and on into the Columbia River. 


OPERATIONS 


Objective of the Spray Project 


The purpose of this spray program was to 
reduce the population of spruce budworm to 
levels harmless to the timber stands, with 
a minimum of damage to other resources. 
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Plans 


A multiple use survey report was made by 
rangers and the Salmon National Forest Sup- 
ervisor. The basic responsibility for planning 
and operating the control project was assigned 
to the Chief, Division of Timber Manage- 
ment, and his organization in the Regional 
Office (Region 4) of the U.S. Forest Service. 
Coordination between project operations 
and the forest multiple use plan was main- 
tained by close liaison between administrative 
project personnel and forest personnel. 

The project was organized (fig. 2) to be 
handled directly by a designated Project 
Leader. Approximately 200 Forest Service 
personnel were assigned to the project. Many 
were detailed from the Regional Office, or 
the Salmon and other National Forests of 
the Intermountain Region. All others were 
hired in Salmon as temporary employees. 

Individual plans prepared to facilitate the 
various phases of the project were for (1) 
operations, (2) entomology, (3) communica- 
tions, (4) safety, (5) monitoring, and (6) 
information and education. 


Spray Application 


Two concentrations of DDT were used: 
0.5 pound and 1 pound per acre. DDT 
powder was dissolved in an auxiliary solvent 
and formulated in fuel oil carrier. Applica- 
tions of both mixtures were made at the rate 
of 1 gallon of fuel oil carrier per acre. The 
insecticide was furnished, mixed, and deliver- 
ed to the planes by a contractor. 


Five helicopters and 11 planes were used 
as spray craft orf the project. All fixed-wing 
planes were converted military aircraft. There 
were eight TBM’s, one B-25, one PB4Y2, and 
one C-47. Statistics on the accomplishments 


—_—_——X_ 
Figure 1. The 1964 Spruce Budworm Project 
area boundaries. The project area is entirely 
within the Salmon National Forest. 
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Table 1. Flight records by type of spray aircraft 


Number Swath 
Aircraft of width 
craft (feet) 
Fixed-wing: 
CEU ce? tee 8 400 
Big ee es. cols 1 250 
RBA Y eee toe 1 500 
OL YE = CR ele ee ee pal _500 
Stipe} rel ts] ba) akre as aeeer eer 11 
MIGHCODICTS tte. cen k, edie ccs 5 80 
HW OfC prctmenge teas Oo, 16 


of the various type of planes are shown in 
table 1. 


Eleven planes (small 3-passenger) and 
three helicopters were assigned as observation 
craft. All planes and the spray helicopters 
were furnished and flown under contract with 
one prime contractor. Two observation heli- 
copters were under a separate contract with 
the Forest Service and the third observer 
helicopter was Forest Service owned. Spray 
craft were paid for on an acreage basis and 
observation craft were paid for by the hour. 


Helicopters started spraying July 2 and the 
first planes started on July 4. Helicopter ap- 
plication was finished July 16 and the planes 
finished July 24. It was necessary to coordin- 
ate spray application with spruce budworm 
larva development and feeding activity. Opti- 
mum budworm development occurred first at 
the lower elevations and progressed upwards, 
being closely associated with climatic con- 
ditions. On drainages with large  eleva- 
tional differences, it was necessary to first 
spray the lower portions and return later, 
possibly twice, to finish spraying higher 
elevations. This was often the situation for 
both helicopter and plane spraying. In many 
drainage basins spraying required several 
days. 


oOo 
Figure 2. Organization and personnel of the 
1964 Spruce Budworm Project. 
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Spray Total Flight 
capacity acreage time 
(gallons) sprayed (hours) 

750 422,815 401:04 

1,000 36,789 26:38 

O77, 3,957 3:27 

1,200 21,402 13:09 

484,963 444:18 
80 41,184 191:37 
526,147 635:55 


Controls of Spray Application 


No reports of similar aerial spray programs 
indicated such close control of insecticides as 
was provided in this project. Project organiza- 
tion personnel supervised operations and 
maintained and evaluated controls for the 
project. This assured operational safety, main- 
tained efficient application of spray materials, 
and kept the impact on other environmental 
factors to a minimum, both in and out of the 
forest. 

Experience gained on many aerial spray 
projects in recent years has resulted in de- 
velopment of specifications and operations 
which have improved the systematic and ef- 
ficient application of insecticides. Controls 
are necessary to insure that spray materials 
are so applied that only the minimum amount 
needed for insect control will be used and will 
arrive on target and the least possible amount 
will fall “‘off-target,” i.e., on other elements of 
the environment, where insecticide is neither 
needed nor wanted. 


Close attention to, and enforcement of, 
control measures were instituted on this pro- 
ject. Evaluation of the effects of these controls 
and the impact of the insecticide on other 
environmental resources was conducted by 
the monitoring organization. 


Spray aircraft are calibrated to release ma- 
terials at given rates when flying at a prede- 
termined speed, in horizontal flight, and with- 
in defined altitudinal ranges above the ground. 
The amount of spray reaching the target and 


how it is distributed is dependent also on 
climatic conditions. Contract terms specify 
tolerances in weather factors allowable for 
spray application. Only able and experienced 
pilots, flying in planes in top condition, can 
safely stay within all the established limita- 
tions throughout an extended project period. 


Under conditions of extremely rugged ter- 
rain, as in the Salmon River country, it is 
practically a mechanical and physical impos- 
sibility to stay precisely within the established 
limitations at all times. A number of obser- 
vations were made relating to the control of 
spray materials. 

1. In rugged terrain, maximum elevations 
for spraying were often exceeded, espe- 
cially by the larger multi-engine planes. 
This allowed a wider spread of spray on 
the ground than planned. It also allowed 
more influence from winds or localized 
thermal movements. 


2. Hither helicopters or planes will push 
spray materials out beyond swath boun- 
daries when turning or changing craft 
a)titude off the horizontal. This was 
of particular concern when spraying 
adjacent to sensitive areas in steep ter- 
rain. This problem was reviewed by 
project personnel with the contractor 
and pilots during the project. 

3. Multi-engine planes used apparently 
were unable to maintain control of 
spray distribution as much as TBM’s. 
Successful use of multi-engine type 
planes for DDT spraying will require 
additional study. 

4. Daily briefing of pilots for both heli- 
copter and fixed-wing planes included 
only occasional presentation of the 
monitoring program and results. Review 
of findings or some aspect of monitor- 
ing almost every day would probably 
help pilots to be constantly aware of 
this aspect of their job. 

5. Orientation flights previous to spray- 
ing in any particular block were required 
of pilots and observers. Improved aerial 
photos or mosaics would provide better 
tools for acquainting all personnel more 
thoroughly with protection areas. 
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6. Specifications for weather limitations 
provided that spraying would be ter- 
minated when winds exceeded 6 miles 
per hour or when temperatures exceeded 
68° F. Weather observation and fore- 
casting were dependent on only three 
stationary stations located within the 
project area. Temporary stations were 
used occasionally when there was spray- 
ing in a particular area. Because of vari- 
able terrain and ground cover conditions, 
weather conditions often became erratic. 


Localized situations often caused max- 
imum conditions to be exceeded. These 
conditions no doubt contributed to occa- 
sional loss of control in spray distribu- 
tion. Such conditions could not be 
detected without much more intensive 
coverage by weather observer stations. 


A number of measures were incorporated 
in the operational plans to furnish special 
protection for various sensitive areas. Non- 
infested timber and open range areas larger 
than 160 acres, pastures, private lands, culin- 
ary water supplies and reservoirs, and strips 
around lakes and bordering streams carrying 
more than 5 cubic feet of water per second 
were designated as nonspray zones. Over 
75,000 acres were thus delineated. Helicopters 
were used to spray only 0.5 pound of 
DDT per acre on strips bordering nonspray 
zones. All nonspray andhelicopterspray zones 
were designated on project maps and on lap- 
boards used by pilots and observers. 


Intensified use of lapboards and airborn 
observers was instituted in this project. Effi- 
cient application of these tools and techniques 
assisted greatly in controlling spray distribu- 
tion. 

Lapboards were aerial photo mosaics of 
individual block portions of the spray project 
area (fig. 3). Spray block boundaries and 
special zones to be protected were delineated 
on the mosaics. These lapboards served as 
ground control guides for all pilots and ob- 
servers and were used for plotting daily spray 
accomplishments. 


An observer in a small plane was assigned 
to each spray plane. Three helicopters, with 
an observer in each, were assigned to the five 


Figure 3. A typical lapboard mosaic. Boun- 
daries of spray blocks and nonspray areas 
along designated streams were marked on 
each lapboard. 


BLOCK 6A 


98 Fixed Wing Spray 9,580 
_ Helicopter Spray- 690 
Total Spray Acresi0,270 





Figure 4. A spray helicopter. Five spray heli- 
copters were under contract for the project. 
Each could carry a load of 80 gallons and was 
calibrated to spray a swath 80 feet wide. Heli- 
copters were used for application where the 
most stringent control of spray was necessary. 


More than 41,000 acres were sprayed by heli- 
copters in 191 flight hours. 





spray helicoptors. All observers were Forest 
Service personnel. They helped guide spray 
pilots and were responsible for constant sur- 
veillance of the spray application to assure 
that planned techniques were followed. 


Forest Service monitoring personnel flew 
with the helicopter observers 25 hours and 
with fixed-wing observers 24 hours. They eval- 
uated the effectiveness of the planes, pilots, 
and observers in controlling spray deposit 
and in protecting the designated nonspray 
zones. 


Radio communication between aircraft was 
essential to both spray pilots and observers. 
On occasions when radio contact failed, ob- 
server benefits were negated, and poor flight 
patterns or leaky spray nozzles could not be 
corrected promptly. 

The Operational Report! for this project 
stated that observers should be highly quali- 
fied, experienced in map reading and aerial 


1Solberg, Clifford, Operational report, 1964 spruce 
budworm project, located on the Salmon National 
Forest, 1965. (Unpublished report on file at Inter- 
mountain Regional Office, U.S. Forest Service, 
Ogden, Utah.) 


% 





Figure 5. Eight converted military TBM 
planes flew a total of 401 hours and sprayed 
nearly 423,000 acres. Each plane could carry 
a load of 700 gallons of spray materials and 
was calibrated to spray a 400-foot swath. 





Figure 6. One converted military PB4Y2 was used for about 34% hours before making an 
emergency crash landing. It was calibrated to spray a 500-foot swath and carry a capacity 
load of 1,077 gallons. 





Figure 7. One converted military B-25 flew 26% hours and sprayed about 37,000 acres. It 
had a capacity load of 1,000 gallons and was calibrated to spray a swath 250 feet wide. 





photo interpretation, have leadership abilities, as Observers. Without qualified observers 
and be capable of making quick decisions and on the constant alert, spray pilots are subject 
taking independent action if needed. to inherent pressures of completing a con- 
Experience in monitoring this project vari- tract, and restrictive controls of spray dis- 
fied the need for highly qualified personnel tribution are easily minimized or neglected. 


18 













~ 


19 


Figure 8. Observers were assigned to fly in 
separate helicopters and fixed-wing craft to 
guide and assist the spray pilot in maintaining 
the desired spray distribution pattern and 
protective measures. Monitor personnel ac- 
companied helicopter observers for 25 hours 
and fixed-wing observers 24 hours for the 
purpose of evaluating observers and spray- 
plane performance. 





PROGRAMMING MONITORING 


PURPOSE 


For this project, monitoring was defined as 
“the measurement and determination of the 
impact of forest aerial spraying with DDT on 
components of the forest environment.” 


In recent years, the general public has be- 
come critical of the manner in which chem- 
icals are being used to control man’s environ- 
mental situations. Possible acute or immedi- 
ate side effects from such uses have been 
noted. Recently, considerable attention has 
been focused upon the possible long-range 
effects which sublethal exposures to persis- 
tent insecticides may have on living organ- 
isms and components of their environment. 

The spotlight of public concern is focused 
on pesticides because ever increasing quanti- 
ties are being used each year. Although toxi- 
cological and pharmacological information is 
known for most commonly used pesticides, 
knowledge of the ultimate physiological 
changes which might result from their con- 
tinued use is lacking. Added awareness of the 
presence of pesticides now exists because re- 
cently developed equipment and methods can 
detect residue levels of most pesticides to as 
little as one part per trillion, a much lower 
level than was formerly possible. 


Passage of the Multiple Use and Sustained 
Yield Act of 1960, by Congress, formally 
charged the Forest Service with coordination 
of all facets of forest resources use, including 
the impacts of management activities on for- 
est resources. 


A multiple use survey report prepared on 
the Salmon National Forest prior to this 
aerial spray project defined needs for careful 
coordination of all elements of a spray pro- 
ject. Proposals by the Forest Service to the 
Federal Pesticide Review Board (now the 
Federal Committee on Pest Control) recog- 
nized the widespread public concern about 
the use of pesticides. The responsibility of 
resource managers to safeguard and evaluate 
the pesticide effects upon components of the 
forest environement, other than the target in- 
sect, also was noted. 


OBJECTIVES 


Objectives of the “Master Plan for the 
Monitoring Program for the 1964 Spruce 
Budworm Project,” were to evaluate protec- 
tive controls to verify their adequacy .or 
modify the operations as needed, and to 
measure and analyze, insofar as possible, the 
impacts and effects of the DDT spray pro- 
gram on various components of the forest 
environment. 


ORGANIZATION 


Forest Service personnel from the Inter- 
mountain Region were detailed to the moni- 
toring program. The Monitor Coordinator 
was responsible to the Project Leader (fig. 2). 
Four biologists served under the Monitor 
Coordinator (fig. 10). 

Job descriptions were prepared for each 
type of position. Briefly stated, they were as 
follows: 

1. Monitor Coordinator. He was respon- 
sible to the Project Leader for planning, 
coordinating, and administering the 
surveillance of all aerial spraying im- 
pacts upon the forest environment, ex- 
cept the spruce budworm. 


2. Game Biologist. He assisted the Monitor 
Coordinator to plan, coordinate, and 
administer the terrestrial wildlife and 
wildlife habitat aspects of the monitor- 
ing program. 

3. Fishery Biologist. He helped with plan- 
ning, coordinating, and administering 
the fish and fish habitat aspects of the 
program. 

4. Biologist Assistant. These two men 
assisted either the Game Biologist or 
Fishery Biologist in the conduct of field 
studies and the collection of biological 
specimens. 


EE 


Figure 10. The monitoring organization for 
the 1964 Spruce Budworm Project. 
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Table 2 lists detailers assigned and indicates 
some of their background and experience. Ad- 
ditional crew members were hired at Salmon 
on a temporary basis. During periods of extra 
heavy workloads in monitoring, personnel 
from other project activities were assigned to 
assist regular crews. This was done on a day- 
to-day basis when personnel were available. 


Most preproject activity of the Monitor 
Coordinator was determining areas of respon- 
sibility, the availability of specialized services, 
and the solicitation of assistance from trained 
personnel in other governmental agencies. To 
assure that the monitoring program would 
be as complete as possible, many specialized 
services, such as pesticides residue analyses, 
were needed. 


Many professional people displayed inter- 
est, a cooperative attitude, and participated 
willingly in this sensitive area of programing. 
This cooperative attitude did not necessarily 
imply approval of the spray project per se. 
Instead, it was a demonstration of willingness 
to assist in evaluating possible impacts of this 
project and to add scientific knowledge in the 
field of application and effects of insecticidal 
sprays. 

Agencies taking active parts in the moni- 
toring program were: 

(1) Idaho Fish and Game Department (on 

occasions referred to as IF&G), 

(2) Idaho Department of Health, 

(3) Idaho Department of Agriculture, 


(4) Bureau of Sport Fisheries and Wildlife 
of the United States Fish and Wildlife 
Service (on occasions referred to as 
BSF&W), 

(5) Entomology Research Division of the 
United States Agricultural Research 
Service (on occasions referred to as 
ARS). 

The Monitor Coordinator made initial con- 
tacts with these agencies, solicited their par- 
ticipation, and drafted study plans for re- 
quired approvals. He also coordinated agency 
studies and reporting of results. The relation- 
ship of cooperating agency personnel to pro- 
ject personnel is illustrated in figure 10. 


AGREEMENTS 


Forest Service representatives met with 
Idaho Fish and Game Department personnel 
April 8, 1964, and explained the proposed 
treatment program. A letter from Director 
Woodworth to Regional Forester Floyd Iver- 
son on April 9 indicated no objections to the 
program as outlined. Mr. Woodworth said the 
Department would furnish assistance, but 
asked that the Forest Service finance this 
assistance. 

Because of their basic responsibilities for 
fish and wildlife management, a cooperative 
agreement was negotiated between the Di- 
rector and the Regional Forester whereby the 
Department would furnish technical assis- 
tance to carry out certain phases of aquatic 


Table 2. Forest Service detailers assigned to monitoring program 


Project 


assignment Name From 


1964 


Monitor Coordinator Robert Casebeer 4-23 


Fishery Biologist Charles Whitt 4-23 
Game Biologist George Gruell Se 
Biologist Asst. Jack Adams 6-10 
Biologist Asst. Ivan Thornton 6-21 


Dates on project 


State Game Depart- 


Detailing Years in ; 
menf experience 


To National Forest. 2 ee 
1964 Forest Service Years State 
7-241 Teton 6 Tie Montana & 

Idaho 
8-51 Boise 5 ‘g Idaho 
7-24 Humboldt 2 fe) California 

& Nevada 
7-29 Cache 2 3 Utah 
7-30 Dixie 4 — — 





1These detailers spent time after this date on report writing. 


and terrestrial monitoring. The Forest Service 
agreed to reimburse the Department for ac- 
tual expenditures up to $7,355.00. 


Later as the spray operation progressed, 
there was mutual recognition that additional 
aspects of aquatic monitoring should be done. 


A supplemental agreement for the evaluation 
of some long-term effects from this spray 
program on acquatic insect populations and 
fish was, therefore, approved by the Director 
and the Regional Forester. The supplement 
provided for additional reimbursement up to 
$3,007. There also was a mutual desire to 
study the impact of spray on forest grouse 
productivity. These arrangements involved 
no exchange of finances. 


STUDY PLANS 


In accordance with Forest Service instruc- 
tions, an “Administrative Study Master 
Plan” was prepared for monitoring the 1964 
Spruce Budworm Project and submitted to 
the Forest Service Regional Administrative 
Study Committee. This master plan was ap- 
proved by the committee on May 13, 1964. 


On April 29 a meeting of personnel inter- 
ested in aquatic aspects of monitoring was 
held in Ogden, Utah. Representatives of the 
Denver Research Laboratory of the Bureau 
of Sport Fisheries and Wildlife, the Idaho 
Fish and Game Department, and the Forest 
Service attended. Arrangements were made 
for programing various phases of aquatic mon- 
itoring. 

A similar meeting was held in Salmon, Ida- 
ho, on May 12 to program monitoring of 
terrestrial wildlife and habitat phases. Mem- 
bers of the above listed agencies and of the 
Agricultural Research Service attended. Ar- 
rangements were made as to how terrestrial 
studies should proceed. 

Personal contact was made by the Monitor 
Coordinator with members of other agencies, 
and arrangements were made with each as 
to how they would assist. 

Following these meetings and contacts, 
study plans were developed for individual 
phases of the monitoring program. These 
plans were reviewed by individuals scheduled 


to participate and were approved by represen- 
tatives of each agency concerned.! Following 
is a listing and brief description of each of 
the study plans developed: 


1. Monitoring terrestial wildlife. This plan 
provided for sampling big game: mule 
deer, elk, mountain goat (and possibly 
mountain sheep) by the Idaho Fish and 
Game Department; the collection of 
robins by the Forest Service; and the 
collection of vegetation by the Forest 
Service and the Bureau of Sport Fish- 
eries and Wildlife. The robin samples 
and adipose tissues from big-game speci- 
mens would be analyzed for residues at 
the Agricultural Research Service Lab- 
oratory in Yakima, Washington. Other 
tissue samples from deer and the vege- 
tation samples would be analyzed by the 
Denver Research Laboratory, Bureau 
of Sport Fisheries and Wildlife. 


2. Monitoring fish and fish habitat. Re- 
sponsibility for evaluating the impact 
of spraying on the aquatic areas within 
the project (except for Hughes Creek) 
was retained by the Forest Service. The 
plan provided for taking live wild fish 
samples and bottom aquatic insect 
samples before and after spraying; test- 
ing with chinook salmon and rainbow 
trout held in live boxes; sampling 
aquatic vegetation; and sampling water 
from streams. All samples would be ana- 
lyzed at the Agricultural Research Ser- 
vice Laboratory. Day-to-day evaluation 
of the effectiveness of protective widths 
would be made by determining changes 
in numbers of drifting aquatic insects 
in the streams, by the use of dye-cards 
to measure spray distribution, and by 
monitoring personnel flying in observer 
craft to observe spray application. The 
Idaho Fish and Game Department was 
to provide assistance in evaluating the 
protective measures when personnel 
were available. 


1For individuals who are particularly interested, 
copies of study plans may be obtained from Division 
of Timber Management, U.S.F.S., Ogden, Utah. 


3. Monitoring fish and fish habitat on 


Hughes Creek. A special test of protec- 
tive widths was designed for Hughes 
Creek, to be evaluated by the Idaho 
Fish and Game Department as provided 
for in the cooperative agreement and 
the study plan. Originally, the plans 
specified leaving 100 feet of nonspray 
width on each side of streams, bordered 
by a 400-foot width for helicopter ap- 
plication of 0.5 pound of DDT per 
acre. The area beyond would be sprayed 
by planes at 1 pound DDT per acre. 


Later these plans were changed. A 400- 
foot nonspray width was left on each 
side of the streams, bordered by a 400- 
foot width of helicopter application of 
1 pound DDT per acre, and the area 
beyond that was sprayed with 1 pound 
DDT per acre by TBM’s. Forest Service 
personnel were to provide assistance in 
the evaluation. Samples collected would 
be analyzed at the Agricultural Re- 
search Service Laboratory. 


Monitoring environmental factors other 
than fish and wildlife. A number of 
segments made up this plan: 


a. Cream. Samples were scheduled to 
be taken before, and at designated 
periods after spraying. They were to 
be taken from producers both living 
inside the project and well outside 
the area. Collecting would be done 
by Idaho Department of Agriculture 
personnel and analyzed by their 
chemist in Boise, Idaho. 


b. Grade A milk. Collections of samples 
were to be made before and periodi- 
cally after spraying from producers 
living adjacent to and well outside 
the project area. Collecting would 
be done by Idaho Department of 
Health personnel and analyzed by 
their chemist in Boise, Idaho. 


c. Beef cattle. A federal meat inspector 
of the Agricultural Research Service 
is on duty at the City Packing Com- 


24 


pany, Salmon, Idaho. A list of forest 
permittees grazing cattle within the 
project area and another list of those 
grazing cattle well outside the pro- 
ject area were provided for the in- 
spector. If cattle from either area 
were processed at the packing plant, 
adipose tissue samples would be 
taken and shipped to the Laboratory 
in Yakima for residue analyses. 


d. Culinary water. Water sources for 
public use were scheduled for sam- 
pling before and after spraying. Col- 
lections were to be made by Idaho 
Department of Health personnel 
with assistance from the Forest Ser- 
vice. Residue analyses would be con- 
ducted by the state chemist in Boise. 


5. Long-term effects of this DDT project 


on aquatic insects and fish. The Idaho 
Fish and Game Department developed 
this plan in accordance with terms of a 
supplemental agreement between the 
Department and the Forest Service. For 
a 2-year period, Idaho Fish and Game 
Department personnel will do additional 
bottom sampling of aquatic insects and 
conduct additional exposure studies with 
brood fish, fingerlings, and eggs of chi- 
nook salmon, rainbow trout, and cut- 
throat trout. Tissue analyses were 
scheduled to be done at the Agricultural 
Research Service Laboratory. 


Limited evaluation of the treatment 
program on blue grouse productivity. 
Idaho Fish and Game Department per- 
sonnel planned to collect birds inside 
and outside of the project area in the 
fall of 1964 and again in the spring of 
1965. Clutches of eggs were also to be 
taken in the spring for hatching at the 
Idaho Fish and Game Department bird 
farm in Jerome, Idaho. Observations of 
eggs and chicks were to be for hatch- 
ability, survival, condition, and DDT 
residue levels. The residue analyses 
work was scheduled to be done at the 
Agricultural Research Service Labora- 
tory. 


Table 3. Costs of Project and of Monitoring 


Monitoring costs' 


—— 


Purchases 


(NS ELLOTACS “ge a) ee eee a 
BOUIDMO@Mie ert lie wer, 89 Ae ies Fee eee 
SGLGTIOS 5 Se ee se eee sane ee 


Cooperative agreements 


Idaho Fish & Game Dept. ................-...--- 

BoTOME MM ONILOLING COSTS! a2 sce 8 Sk ee 
iY (ete a ee ae ae ere et ee 
SoraiscOstssoivsproy, Project ..2 2.4 2d, oe 2 
Os CTO CU ee ee eS ah 


$ 8,039.00 
1,021.44 
AO7 1532 
24,549.81 
6,250.52 
10,362.00 

$ 52,294.09 

.099 
$731,724.46 
1.39 





Included in total costs of spray project. 


°Forest Service costs. Contributions to monitoring by other agencies not included. 


COSTS 


All Forest Service costs for monitoring the 
project were paid from Insect and Disease 
Control funds allotted for the spruce bud- 
worm control project. Forest Service costs 
for the project and for monitoring are sum- 
marized in table 3. Only those funds paid to 
the Idaho Fish and Game Department under 
terms of agreements are shown here. Addi- 
tional expenses for monitoring contributed 
by that Department and a number of other 
agencies are not included in the accounting 
shown in table 3. 


DISCUSSION 


Any one agency was not completely and 
properly equipped with personnel, knowledge, 
or equipment to properly assess the many 
ecological implications inherent in a treat- 
ment project of this nature. The Forest Ser- 
vice received much valuable assistance from 
a number of other federal and state agencies 
in conducting the evaluations of the possible 
impacts of this project. The willingness and 
ability of a number of interested professionals 
in the cooperative approach was demonstrated. 


The monitoring organization was adequate 
for undertaking the program objectives. Orig- 
inal plans for monitoring terrestrial and agri- 
cultural phases were carried out very nearly 
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as planned. After starting the project, how- 
ever, it became apparent that additional sur- 
veillance was necessary to more completely 
evaluate the effectiveness of control measures 
and the impacts of spray application upon the 
aquatic environment. Expansion required ad- 
ditional personnel as well as an additional 
workload on people already assigned to mon- 
itoring. These added workers were mostly 
other project assignees not engaged in their 
assigned duties at the time. This required 
coordination with other phases of the oper- 
ations but resulted in more efficient use of 
detailers assigned to the overall project: De- 
tailing of additional trained personnel to 
assume part of the workload could have been 
done, if this fact had been recognized early 
enough, and if qualified detailers had been 
available. 


Additional workloads constituted some haz- 
ards to efficient monitoring. Without facilities 
to house and feed people out in the project 
area, it was necessary that project workers 
travel from 10 to 70 miles each direction over 
mountainous roads to do their jobs. Monitor- 
ing personnel had to be at their field stations 
at least an hour before daylight, the start 
of spray operations, and remain from 4 to 
6 hours after spraying was finished. Sixteen- 
hour days were common for all monitoring 
personnel. For short periods of a week to 10 
days this type of schedule could have been 


maintained with normal efficiency. But in 
this project 23 days, plus prespray field 
work, provided a schedule too strenuous for 
proper safety and best efficiency in monitor- 
ing. Portable field quarters, together with 
satisfactory communications with project 
headquarters, could have reduced the strain. 


Experience in this surveillance indicated a 
need for earlier planning to avoid the possible 
shroud of an emergency or crash situation. 
Study plans need to be more detailed or re- 
fined to accomplish the desired efficiency in 
organization for the conduct of an intensive 
program of this nature. 
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It is generally recognized that aquatic en- 
vironments must receive special protection 
during broadcast applications of persistent 
broad-spectrum insecticides such as DDT. 
Monitoring the protection measures of a large 
spray project such as this accomplished two 
major goals: (1) It provided a measure of the 
effectiveness of protection zones and an indi- 
cation of the intensity of spray materials 
which might occasionally have gotten into the 
waters. (2) It established a persistent aware- 
ness on the part of all project and contract 
personnel that protection objectives were 
established with every intent of maintaining 
them throughout the term of the project. 


MONITORING AQUATIC ENVIRONMENT 


The Salmon River is well known for its 
populations of anadromous fishes. Each year 
thousands of chinook (Oncorhynchus tscha- 
wytscha) and sockeye salmon (Oncorhynchus 
nerka) as well as steelhead trout (Salmo 
gairdneri) ascend this river from the Pacific 
Ocean via the Columbia River to spawn. The 
progenies of these fishes remain in lakes, trib- 
utaries, and the main river for 1 to 3 years 
before returning to the ocean. 


Salmon and steelhead trout which spawn 
in the Salmon River make up a valuable re- 
source. Salmon River production of both 
species contributes greatly to the commercial 
fishery of the lower Columbia River. These 
fish are also highly prized for sport fishing 
which adds to the economy of communities 
located along the Salmon River and its trib- 
utaries. 


During the freshwater phase of their life 
cycles, young anadromous fish depend primar- 
ily on aquatic insects for food. Many biolo- 
gists believe that growth rates have much to 
do with survival to maturity. Thus, aquatic 
insects become extremely important with rela- 
tion to growth, and, ultimately, the survival 
of these fish. Since aquatic insects are highly 
sensitive to DDT, and fish also are affected, 
this project warranted critical stream pro- 
tection measures and surveillance. 


EVALUATING STREAM PROTECTION 
MEASURES 


Because of the extent and importance of 
the fisheries resource involved within this 
project, specific primary protection measures 
were instituted around streams and lakes to 
protect the fisheries resource. A major mon- 
itoring objective was to make frequent evalu- 
ations to determine adherence to both gen- 
eral and specific spray control specifications 
and the effectiveness of these measures on 
fisheries resource protection. 


The original plan proposed for the 1964 
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project stipulated nonspray zones only 100 
feet wide along each side of designated 
streams. Plans also provided that in steep 
terrain the nonspray area was to be widened 
to 200 feet when slope gradients adjacent to 
the stream ranged from 60 to 100 percent, 
and to 400 feet where slopes exceeded 100 
percent. Beyond the nonspray zone a 400-foot 
strip was to be sprayed by helicopter apply- 
ing 0.5 pound of DDT per acre. The re- 
maining area was to be sprayed by fixed-wing 
craft applying 1 pound of DDT per acre. 


At the April 29, 1964, meeting mentioned 
previously, Idaho Fish and Game Department 
and Forest Service biologists agreed on cer- 
tain changes in the stream protection mea- 
sures in view of findings in the 1963 Hughes 
Creek test project. They recommended that 
the nonspray zone be widened to 300 feet and 
that adjacent to the nonspray zone, a 400-foot 
swath be sprayed by helicopter applying 0.5 
pound DDT per acre. The remaining area 
could then be sprayed at the rate of 1 pound 
of DDT per acre by planes. 


Agreement was reached May 19, 1964, to 
start the project using these recommended 
stream protection measures with provisions 
for changing them during spraying if condi- 
tions warranted. Changes made during the 
course of the project are discussed later. 


Previously, mutual agreement had been 
reached between personnel of the Idaho Fish 
and Game Department and the Forest Service, 
that all streams or portions of streams, esti- 
mated to be flowing 5 or more cubic feet 
per second (cfs) would be protected. 


A preliminary designation of streams to 
receive protection was made by Forest Service 
rangers and Idaho Fish and Game Depart- 
ment fisheries biologists during the winter of 
1963-64. An aerial survey was made in the 
spring to firm up these designations. Each 
stream within the spray area was observed. 


As a result of this survey, streams were added 
to the original list, making a total of about 


Figure 11. Napias Creek runs approximately 60 cubic feet per second. More than 700 miles 
of streams running 5 cfs or more received special protection measures to protect fisheries 
values. 


Figure 12. Aquatic insect drift sample loca- 
tions were as follows: (1) Haynes Creek (con- 
trol), (2) Freeman Creek, (3) Carmen Creek, 
(4) Sheep Creek, (5) Dahlonega Creek, (6) 
Nez Perce Creek, (7) West Fork Nez Perce 
Creek, (8) Anderson Creek, (9) Upper North 
Fork Salmon River, (10) Pierce Creek, (11) 
North Fork Salmon River (above Sheep 
Creek), (12) Hull Creek (above reservoir), 
(13) Hull Creek (at mouth), (14) Sage Creek, 
(15) Indian Creek, (16) West Fork Indian 
Creek, (17) Squaw Creek, (18) Spring Creek, 
(19) Boulder Creek, (20) Pine Creek, (21) 
Garden Creek, (22) Main Salmon River, (23) 
Colson Creek (24) Cramer Creek, (25) Corn 
Creek, (26) Wheat Creek, (27) Horse Creek 
(at mouth), (28) Stud Creek, (29) Horse 
Creek (above Stud Creek), (30) Horse Creek 
(above Saddle Creek), (31) Saddle Creek, 
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(32) Reynolds Creek, (33) Beaver Creek, 
(34) Phelan Creek, (35) Moccasin Creek, 
(36) Napias Creek, (37) Copper Creek, (38) 
Woodtick Creek, (39) Moyer Creek, (40) 
Musgrove Creek, (41) Porphyry Creek (east 
fork), (42) Porphyry Creek (west fork), 
(43) Porphyry Creek (at mouth), (44) Pan- 
ther Creek (above Moyer Creek), (45) Pan- 
ther Creek (above Musgrove Creek), (46) 
Panther Creek (above Porphyry Creek), (47) 
Panther Creek (above 4th of July Creek), 
(48) Panther Creek, (above Cabin Creek), 
(49) Cabin Creek, (50) Opal Creek, (51) 
Panther Creek (above Opal Creek), (52) 
Silver Creek, (53) Camas Creek (above Silver 
Creek), (54) Camas Creek (above Hammer 
Creek), (55) Little Jacket Creek, (56) Mea- 
dow Creek, (57) Beagle Creek, (58) Shovel 
Creek, (59) Yellowjacket Creek. —————» 


Noa 
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Figure 13. Drifting aquatic insects are sam- 
pled with a netting wire basket usually held 
for 5 minutes in the water with the open 
end facing upstream. Debris caught during 
sampling period is emptied into a light colored 
dishpan and floated in water so insects can 
be picked out and placed in vials of alcohol 
for later identification and counting. 
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560 miles. Portions of the Camas Creek drain- 
age were included. These streams were desig- 
nated on operational maps and delineated on 
lapboard mosaics. 


A few days after the project had started, 
it was noted that a number of streams or por- 
tions of streams that had not been designated 
for protection measures were running at least 
the minimum of 5 cfs. Delayed spring run- 
off caused many streams to carry good flows 
of water when ordinarily they would have 
been dry, or practically dry, at project time. 
Thus, on July 14, additional stream mileages 
were added, making a total of more than 700 
miles for the entire project area. Most addi- 
tions resulted from extension of protection 
zones farther up the head waters of streams, 
or along additional tributaries. The additions 
were all in blocks which had not yet been 
sprayed at that date. 


Aquatic Insect Drift Sampling 


Aquatic insect drift sampling stations (fig. 
12) were located a short distance above the 
mouth of each evaluation stream. Drift sam- 
plings began at 4:00 a.m. This was usually 30 
minutes to 1 hour before spraying began. 
Samples were collected hourly until 4:00 p.m. 
Samples taken before spraying started are 
classed as prespray samples while those col- 
lected after spraying began are classed as 
postspray samples. 


The collection site on each stream was 
located and marked so successive samples 
could be taken at the same site. Locations 
were selected, when possible, where water was 
11 to 12 inches deep. This depth allowed the 
12-inch-square openings of the net to sample 
from the bottom, sub-surface, and surface of 
the stream. The sites were also located near 
the centers of the main stream currents. Slow- 
er waters were sampled when possible to pre- 
vent the smaller insects from being mangled 
or swept through the netting. 


The sampling apparatus consisted of a wire 
screen, bag type sampler with an opening 
12-inches square. The bag was constructed 
from aluminum 144 mesh (openings per 
square inch) screening. 
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Forest Service biologists sampled for 5- 
minute periods which had been indicated by 
Graham and Scott! as adequate. An exception 
was at the station on the main Salmon River. 
Idaho Fish and Game Department biologists 
sampled for 5-, 10-, or 15-minute periods, 
depending on the numbers of insects in the 
samples taken prior to spraying. 


Insects collected in each sample were placed 
in individual vials of alcohol. Samples were 
identified by numbers on vial lids and on 
pieces of paper placed inside the vials. Col- 
lection information was recorded on field 
record forms (fig. 14). 


Under normal conditions some insects can 
be found drifting downstream at all times. 


The number of insects collected prior to a 
spray operation is the prespray number or 
level, and the number collected during or after 
spraying is called the postspray number or 
level. 


Bridges and Andrews (1961) found that a 
dosage of .002 parts per million DDT was 
sufficient to make aquatic insects lose their 
hold on rocks. Insects collected in drift nets 
were not always dead at time of collection. 
Most insects collected, however, were either 
moribund or in an excited state.” Jensen and 
Gaufin (1964a) in reporting their work with 
two species of stonefly naiads stated that 
when the insects exhibited tremors and con- 
vulsions, death usually occurred within a few 
hours. Scott and Kucera’ go on to say that 
such insects show the first symptoms of a 
nerve poison, and death is quite certain. 


Numbers of aquatic insects collected in pre- 
spray drift collections vary widely between 
samples. Variations of several hundred per- 


1Graham, R. J. and Scott, D. O., Effects of an 
aerial application of DDT on fish and aquatic insects 
in Montana, 1959. (Joint project report of Montana 
Fish and Game Department and U.S. Forest Service, 
on file with Montana Fish and Game Department, 
Helena, Montana.) 


2Scott, D. O. and Kucera, D. R., Effects of DDT 
and malathion spraying on aquatic insects in the 
Bitterroot River drainage, 1964. (Unpublished re- 
port on file with Division of State and Private 
Forestry, Region 1, U. S. Forest Service, Missoula, 
Montana.) 


cent between samples are normal. On the 
other hand, it is recognized that minute 
amounts of spray falling into a stream can 
result in an increase of drifting insects which 
may amount to less than that which may 
occur by normal variation. Thus, it is diffi- 
cult to evaluate whether small variations be- 
tween prespray and postspray levels are nor- 
mal variations or due to spray application. 


Prior to the start of the Salmon National 
Forest spray project, Forest Service and Idaho 
Fish and Game Department biologists agreed 
that an increase of 400 percent or more be- 


tween prespray and postspray levels would be 
construed as meaning the increase was prob- 
ably due to insecticide. 


The formula used for computing drift sam- 
ple increases was as follows: 


Average of three Average of 
highest consecutive | — | prespray 
postspray samples samples 
(Average of prespray samples) 
X100 — Percent increase 


A listing of aquatic insect drift sampling 
data is shown in table 4. 


Figure 14. Aquatic insect drift and bottom sample field record form. 


Vial Sample No. 


Sample Collector 








Station Name 
or Number 











Length of Time 





Sampling Method 
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Ninety-six stations were operated for ob- which means individual streams as they were 


taining data on streams where spraying was flown by one type of aircraft for one protec- 
modified. This disregards the prespray sam- tion width. Some streams are included in more 
ples and the four for Porphyry Creek, where than one category, thus indicating a total of 
no stream protection measures were applied. 67 streams instead of 44. 


Approximately one-half the stations were 
manned by Forest Service personnel and the 
other half by Idaho Fish and Game Depart- 
ment personnel. 


In addition to using the 400-percent increase 
level as a basis for evaluating stream protec- 
tion specifications, both agencies agreed to 
consider other possible extenuating circum- 


Station statistics are summarized in table stances before making recommendations for 
5 according to percent of hits by type of changes in operational procedures. It was nec- 
aircraft and minimum spray distance from the essary to ascertain if spray application com- 
stream. plied with operational specifications. The pos- 

As shown in table 4, many streams were sibility existed that changing weather could 
monitored on several occasions — different adversely affect spraying before operations 
days and sometimes for different types of could be stopped. Also, improper flight pat- 
aircraft. In all, monitoring was conducted on terns and/or faulty equipment could cause 
44 streams. On three of these, however, there undesirable impacts. But these problems could 
was more than one station. There were sta- be corrected without need for changes in pro- 
tions at six locations on Panther Creek. Por- tection widths. It was agreed, therefore, that 
phyry had three stations, and, although not professional judgment would be exercised in 
indicated in table 4, there were at least two determining if excessive increases in drifting © 
stations on the North Fork of the Salmon. insects were due to operational procedures or 
Therefore, table 6 summarizes ‘“‘by streams” to inadequate stream protection specifications. 


Table 5. Summary of insect drift sampling results (by stations) as related to type of aircraft 
and stream protection zone widths 











Stations having less than Stations having greater than 
Type of Minimum distance 400 percent increase 400 percent increase 
aircraft from streams 
Number Percent Number Percent 

Helicopter 300 9 82 2 18 
Helicopter 400 4 100 0 0 
Helicopter 600 5) 100 0 0 
TBM 800 5 45 6 Ispe 
TBM 1200 0 0 1 100 
TBM 1400 30 88 4 12 
B-25 800 Z 100 0 0 
B-25 1200 0 0 1 100 
B-25 1400 5 62 3 38 
C-47 1400 4 80 1 20 
PB4Y2 1400 4 100 0 0 
C-47 & TBM* 1400 1 50 1 50 
Hel. & TBM* 300-700 0 0 1 100 
Hel. & TBM? 400-800 0 0 5 100 
Hel. & B-25? 400-1200 2 100 0 0 
Totals fal Za 


VS 


1Both types of aircraft operated in the same drainage on the same day. 


37 


=~ 


Table 6. Summary of insect drift sampling results (by streams) as related to type of aircraft 


and stream protection zone widths 


Streams having less than 
400 percent increase 


Type of Minimum distance 
aircraft from streams 
Number 

Helicopter 300 8 
Helicopter 400 4 
Helicopter 600 3 
TBM 800 3 
TBM 1200 0 
TBM 1400 16 
B-25 800 2 
B-25 1200 0 
B-25 1400 2 
C-47 1400 2 
PB4Y2 1400 iz 
C-47 & TBM’ 1400 0 
Hel. & TBM? 300-700 0 
Hel. & TBM? 400-800 0 
Hel. & B-251 400-1200 2 
Totals 44 


Streams having greater than 
400 percent increase 





Percent Number Percent 
80 2 20 
100 0 0 
100 0 0 
38 BS) 62 
0 1 100 
80 4 20 
100 0 0 
0 1 100 
40 3 60 
67 1 33 
100 0 0 
0 1 100 
0 1 100 
0 4 100 
100 0 0 

23 





1Both types of aircraft operated in the same drainage on the same day. 


To assist in interpretations of findings, 
monitoring personnel flew in observer craft, 
both fixed-wing and helicopters, to observe 
spray operations from the air. 


Salmon River Station 


Drift-sample data, shown in table 7, col- 
lected at the main Salmon River station, were 
not incorporated with other drift-sample data 
because of differences in collection techniques. 
Drift samples at this station were obtained 
by sampling with the drift net just below the 
surface in water approximately 4 feet deep. 
Also, the location was only 10 feet from shore, 
which was 25 to 30 feet from the center of 
the main current. A 10-minute sample was 
taken each hour for 10 consecutive days. 

Data from table 7 are shown graphically in 
figure 15 where the number of insects col- 
lected were averaged by hourly periods. These 
data show the cyclic effects of nocturnal activ- 
ity. Nocturnal activity stems from normal 
motivations related to changing light condi- 
tions (Waters, 1962). 
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The small peak occurring at 9:00 a.m., in 
all probability resulted from upstream spray- 
ing activity. 


Oil-sensitive Dye-cards 


Oil-sensitive dye-cards were located at 
strategic points along streams to measure 
amounts of spray reaching the ground and its 
distribution with relation to streams. Because 
of manpower and time restrictions, only min- 
imum card locations were employed. The 
three following patterns were used: 


Major transects. Major card-line transects 
were designed by placing card series at 
right angles to the stream. Cards were 
spaced 50 feet apart (slope distance), start- 
ing at the edge of the water, for a total dis- 
tance of 700 feet (horizontal distance) on 
each side of the stream. Transects on rela- 
tively flat ground, therefore, contained 15 
cards on each side of the stream. Transects 
on steeper slopes contained as many as 18 
cards on each side of the stream. Each 
transact also contained one card placed 1 
to 3 feet above the center of the stream. 


Table 7. Summary of drifting aquatic insect samples collected at the main Salmon River 
station (Number of aquatic insects collected per 10-minute drift sample) 











Date Time (a.m.) 

(1964) 12:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 10:00 11:00 
7/6 
Tid 13 6 15 14 5 4 3 ® 1 5 19 35 
7/8 16 12 1] 19 4 1 1 3 2 8 7 5 
7/9 5 17 12 8 2 0 6 1 2 2 0 1 
7/10 6 9 12 7 6 0 3 1 3 2 1 0 
ra 7 7 9 14 4 1 2 2 1 4 1 0 
Eve 3 3 3 4 0 1 0 2 0 4 1 0 
7/13 6 7 13 4 1 1 3 3 2 3 3 1 
7/14 14 15 10 11 2 5 1 2 2 1 1 1 
7/15 15 16 16 10 6 3 2 is 2 0 0 0 
7/16 1] 11 17 12 7, 2 1 0 0 0 
Total: OGrmal0S. -118, 7103 37 18 22 20 15 24 es 43 
Avg.: OoeLOGm I S03 | 347 1.8 Doe 20. ihe APE aes BF) 
Date Time (p.m.) 

(1964) 12:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 10:00 11:00 
7/6 5 3 3 14 25 22 
7 7 0 1] 3 4 6 4 1 6 11 24 24 
7/8 4 1 1 2 3 1 2 3 5 4 15 7; 
7/9 1 0 1 1 0 0 0 1 3 5 25 19 
7/10 0 3 1 2 1 1 4 2 2 6 19 8 
7/11 1 0 1 0 0 1 1 2 1 5 12 15 
712 0 0 1 1 0 0 0 1 5 5 16 9 
7113 0 0 0 0 0 2 1 2 1 2 10 12 
7/14 1 1 1 2 2 2 1 0 1 5 7 10 
7/15 1 2 0 0 1 4 0 0 2 5 14 4 
7/16 
Total: 15 r/ 17 11 11 17 18 15 29 B22 mel G7 senha. 
Avg.: 127. 8 1.9 12 2 1.9 1.8 e529 a 6.29 6.7, ° 13.0 





Small benches were dug in the hillside, 
when necessary, to place the cards in a 
level position. A nail pushed through the 
card into the ground held each card in 
place. A code-numbering system identified 
each card and recorded the name of the 
stream, date, number of the transect, and 
position of the card on the transect line. 


Minor transects. Minor transects were sim- 
ilar to major transects except for length. 
These transects extended only 100 feet 
(horizontal distance) on each side of the 
stream. Most minor transects contained a 


total of three cards on each side plus one 
above the center of the stream. Minor tran- 
sects were located between major transect 
lines. 

Lateral transects. A lateral transect was a 
line of cards placed along a road parallel, 
or nearly parallel, to a stream. In most 
cases the axes of lateral transects varied 
from 50 to 200 feet from the stream. Card 
spacing varied from 200 feet to 1/5 of a 
mile. 

Dye-cards were quantitatively evaluated by 


visual comparison with a series of standard 
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Figure 15. The average of 10-minute drift samples collected during the same hour for a 
10-day period, Salmon River Station. 


20 


/8 


/6 


/4 


12 


/0 


Average number of insects 





O00 “3,00 *5-00' 47-00 9:0G" 11-00 1:00 .73:00 , 5:00 77200 F9'0OMe ee 


P. M. A. M. 
Time 


Figure 16. Oil-sensitive dye-cards were used 
to determine spray distribution reaching 
ground level. Used in monitoring to evaluate 
spray distribution adjacent to streams. Card 
on left has not received any spray materials. 
That on the right shows response of emulsion 
to oil used as carrier for insecticide. 
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index cards. Dye-cards are oil sensitive and 
actually indicate the amount of oil in gallons 
per acre. Index cards are calibrated to repre- 
sent spray concentrations ranging from .01 
to 4.4 gallons of oil per acre. Interpretation 
for DDT amount was based on the formulated 
mixture of DDT per gallon of oil. 


In general, dye-card evaluations indicated 
a close correlation between the spray distribu- 
tion pattern and aquatic insect mortality. 


Dye-card transects were used in monitor- 
ing 10 different streams. Along four of these 
streams the dye-cards were used on two dif- 
ferent spray days and one stream was check- 
ed for three days. Of the 16 sampling days, 6 
had indications of measurable amounts (.005 
to 0.2 pound DDT per acre) of spray within 
200 feet of the stream. Each of these six in- 
stances was concurrent with more than a 400 
percent increase in drifting aquatic insects in 
the stream. 


Evaluations of spray cards also revealed 
that helicopter pilots tended to be conserva- 
tive in flying their spray patterns during the 
first days of the project; i.e., the spray pat- 
tern was usually located a greater distance 
from the stream than was planned. Examples 
of this conservatism were revealed by dye- 
cards. When helicopters were supposed to ap- 
ply spray 300 feet from the stream, pilots 
flew Pine Creek an average minimum distance 
of 600 feet from the stream and on Spring 
Creek, the distance ranged from 250 to more 
than 700 feet. On the east side of Colson 
Creek only traces occurred on cards located 
700 feet from the stream while no cards on the 
west side showed spray droplets. 


Plane pilots generally flew at conservative 
distances from the streams according to ob- 
servations from the ground and air. Drifting 
spray in concentations of .01 pound or more 
per acre was found, however, on cards within 
a few feet of several streams. On Carmen 
Creek, ground observers reported the TBM 
pilot apparently flew a good application pat- 
tern. Traces, however, were found on cards 
located 34 of a mile from the spray block. In 
this case, the ground observer measured 
erratic wind gusts up to 10 miles per hour 
during spraying. 
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A special study was conducted on the use 
and evaluation of dye-cards in comparison 
with another technique. This is reported later 
under “Special Situations.” 


Stream Protection Changes 


Spraying operations began July 2, 1964. 
Only three streams were to be monitored dur- 
ing the first 3 days of operation. A total 
of 13 streams, however, were monitored, with 
assistance of Idaho Fish and Game Depart- 
ment personnel and with additional person- 
nel assigned to Forest Service monitoring 
crews. 

During the first 2 days of spraying ad- 
verse results were noted in only one of eight 
streams monitored. Boulder Creek showed an 
increase of approximately 920 percent in 
drift of aquatic insects (table 4). As discussed 
previously, oil-sensitive dye-cards indicated 
that helicopter spray pilots were being ex- 
tremely conservative in their spraying pat- 
terns. 

The question had not yet been answered 
as to whether or not it was possible to get 
spray application at the specified distances 
from the stream so as to attain spruce bud- 
worm control and still maintain adequate 
stream protection. Therefore, on the third day 
a concerted effort was made to spray the heli- 
copter zone of a selected drainage according to 
the specifications, i.e., from 300 to 700 feet 
from the stream. Close control was maintained 
in spraying Indian Creek in an effort to place 
the spray down within that band. 


Results showed an aquatic insect drift of 
about 830 percent increase over the prespray 
level. Dye-cards along a lateral transect 
showed concentrations of 0.015 pound of DDT 
per acre commonly occurred between 100 and 
250 feet from the stream. Some cards located 
on bridges and within 50 feet of the stream- 
banks showed concentrations of 0.005 pound 
of DDT per acre. 

At the same time Indian Creek was being 
sprayed, Colson Creek was also being treated 
but without the concerted effort to adhere 
to specifications. On Colson Creek dye-card 
transects showed no spray within 700 feet of 


the stream, and no aquatic insect losses oc- 
curred. Three other streams monitored on the 
third day of operations showed less than the 
400 percent increase in aquatic insect drift. 


On July 5, adverse weather conditions pre- 
vented spraying. On this date, results from the 
first 8 days of aquatic monitoring were 
thoroughly evaluated. The Project Leader, 
after reviewing the results, instructed opera- 
tions personnel to widen the nonspray area 
to 400 feet on each side of streams. .They were 
told to get application within the specified 
zone. Idaho Fish and Game Department bi- 
ologists requested the nonspray area be wid- 
ened to 600 feet but agreed to 400 feet until 
additional monitoring could be done. 

Spray operations continued on July 6, with 
helicopters spraying between 400 and 800 
feet and planes spraying beyond 800 feet. 
From July 6 through July 13, 23 stations were 
monitored. 


No adverse aquatic insect losses were de- 
tected at the four stations that represented 
helicopter application. More than 400 percent 
increase in drifting aquatic insects occurred 
at six of the 11 stations representing TBM 
applications but at neither of the two stations 
in the B-25 application areas. 

At five stations, both helicopters and TBM 
planes were spraying in the same drainage on 
the days streams were monitored. Each of the 
five stations had more than a 400 percent in- 
crease in drifting aquatic insects, but it was 
not possible to assign each loss to a particular 
type plane. 

Idaho Fish and Game Department biolo- 
gists requested further withdrawals from 
streams. Based on the above information, this 
seemed justified for planes but not for heli- 
copter spraying. Thus, adjustment of fixed- 
wing specifications was recommended to the 
Project Leader who agreed and ordered pilots 
of fixed-wing spray planes to move back be- 
yond a minimum of 1200 feet from streams. 


Adverse results on July 14, using the 400- 
and 1200-foot control specifications, required 
further modification in specifications. On 
July 15, spray plane pilots were ordered to 
move their operations back to 1400 feet. Heli- 
copter pilots were ordered back to 600 feet 
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to more completely spray the area between 
600 and 1400 feet. During the remainder of 
the project, the 600- and 1400-foot protection 
specifications were used. 


Changes in stream protection measures 
which were instituted during the project are 
illustrated in figure 17. 

A summary of the results of spraying in 
different types of planes for these various 
zones is indicated in this figure. 

The number of samples as related to types 
of aircraft at various stream protection dis- 
tances are, in some instances, too few for 
conclusive results. From the data shown in 
tables 4, 5, and 6, however, it appears that 
helicopter spraying with 0.5 pound DDT 
per acre using 400- and 600-foot protection 
nonspray zones, did not cause any significant 
increase in drifting aquatic insects. It also 
appears that, in this project, TBM aircraft 
operating 1400 feet or more from the stream 
while applying 1 pound of DDT per acre 
maintained a minimum impact on aquatic in- 
sects. In all cases, however, strict compliance 
with all protection control specifications was 
necessary to keep aquatic insect losses at a 
minimum. 


Porphyry Creek Special Study 


Monitor personnel recognized that streams 
could conceivably become contaminated from 
one or a combination of several sources. Drift- 
ing spray, leaky or faulty spray nozzles, and 
direct spraying into a protected stream or 
tributaries because of pilot error were possi- 
bilities. Direct spraying into unprotected trib- 
utary feeder streams could also carry con- 
taminants into protected streams. A limited 
investigation was initiated to check possi- 
bilities of this later source. 


Porphyry Creek typifies many streams 
within the spray area. The main stream stems 
from two major forks, each of which is fed by 


— 
Figure 17. Illustration of chronology of changes 
in stream protection measures and types of 
spray craft and stream protection effective- 
ness. 
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Figure 18. Porphyry Creek Special Study Area. The locations of aquatic insect drift sampl- 
ing stations and stream protection zones are shown. 
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many small tributaries (fig. 18). Two drift 
sample stations, numbers 2 and 3, were estab- 
lished at the lower ends of two unprotected 
tributaries. Both streams had less than 1 
cfs flow. Water was flowing only in the lower 
500 feet of the stream on which station num- 
ber 2 was located. Three stations, numbers 
1, 6, and 7, were established on protected sec- 
tions of Porphyry Creek. Results of aquatic 
insect drift sampling for all Porphyry Creek 
stations are contained in table 4. 

On July 15, helicopters sprayed in this 
drainage, observing a 600-foot nonspray zone 
on each side of the stream. The results show- 
ed that large numbers of aquatic insects were 
killed at station 3, while other stations showed 
no increased insect drift. On July 16, the 
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PB4Y2 sprayed the north side of Porphyry 
Creek. Only station 3 showed a significant in- 
crease in insect drift. 

Analysis of data indicate the probability 
that aquatic insects in most small unprotected 
streams are affected by spray application. It 
is interesting to note, however, that although 
station 3 showed a high percent increase in 
drifting insects on both dates, station 7, locat- 
ed approximately 4144 miles downstream, did 
not show corresponding increases. Apparently 
spray materials in the stream at station 3 did 
not reach station 7 in concentrations great 
enough to cause an increase in numbers of 
drifting aquatic insects. Increased numbers 
of drifting insects from station 3 did not reach 
station 7. 


EVALUATING FISH AND AQUATIC 
HABITAT 
Bottom Insect Sampling 


A limited number of streams were selected 
to study prespray and postspray aquatic in- 
sect populations. Because of the large number 
of streams which showed insect mortalities 
during spraying operations, as determined by 
drift sampling, additional streams were added 
for bottom sampling (fig. 19). Table 8 sum- 
marizes bottom sample data collected. 


Bottom sampling areas were selected in the 
lower reaches of each stream. Riffles of suf- 
ficient size to accommodate the planned sam- 
pling and having uniformity of gravel size, 
water depth, and flow velocity were selected. 
Riffle areas selected for sampling were divided 
into two or three sections according to the 
number of planned sampling periods. Each 
section was sufficiently large to allow the 
collection of five 2-square-foot samples, or 
a total of 10 square feet per sampling station. 
Samples were taken moving progressively up- 
stream to avoid disturbing areas to be sampled. 


The sampling apparatus consisted of a 
cylinder shape frame with both ends open. 
One-half the perimeter was covered with 
screening of 144-mesh and the other half with 
hardware cloth of 36-mesh. End openings 
were 2 square feet in size, When used, the 
coarser mesh side was placed upstream thus 
allowing water to flow rapidly enough through 
the upstream side to hold insects against the 
smaller mesh on the lower side. To sample, 
an open end was placed firmly into the bot- 
tom gravel of the stream. A wooden paddle was 
used to stir the gravel inside the case and 
dislodge the insects. 


Insects collected from bottom samples were 
placed in glass vials of alcohol. Collection in- 
formation was recorded on the same field 
record form as used for drift sampling (fig. 
14). Vials were labeled on the outside with 
felt marker pens. Paper labels with penciled 
numbers were placed inside. 

Quantitative taxonomical identification was 
completed on all bottom samples by Forest 
Service entomologists and fisheries biologists. 
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Insects from both the prespray and first post- 
spray samples were keyed to families. The 
last postspray samples, however, were keyed 
only to orders. 


Bottom sampling data in table 8 shows a 
general increase of aquatic insect population 
numbers within 3 months after spraying. 
Without more prespray data, however, it is 
not possible to determine the degree of pop- 
ulation recovery. A more complete evaluation 
of population dynamics would require longer- 
term studies. To establish a base, sample 
data should have been collected about the 
same dates at least 1 year before spraying. 


General findings shown in table 8 agree with 
findings of Cope (1961) and Schoenthal 
(1963). 


In three of the five project streams and 
both control streams, prespray insect popu- 
lation numbers were less than October post- 
spray numbers. A partial explanation may be 
that egg hatches were incomplete at the June 
sampling; but by October, hatches were com- 
pleted and aquatic insects were in more ad- 
vanced stages of development. Also, low water 
levels in October tend to concentrate insect 
populations. Recruitment takes place from 
unsprayed upper-stream waters and can ac- 
count for possible population variations. 


Prespray populations sampled within the 
spray area averaged approximately 34 percent 
Ephemeroptera, 5 percent Plecoptera, 55 per- 
cent Trichoptera, 6 percent Diptera, and less 
than one-half of 1 percent Coleoptera. 


October postspray populations consisted of 
approximately 24 percent Ephemeroptera, 30 
percent Plecoptera, 4 percent Trichoptera, 40 
percent Diptera, and 2 percent Coleoptera. 


These findings indicate a considerable reduc- 
tion in the percent composition of Ephemer- 
optera and Trichoptera populations. Convers- 
ly, both Plecoptera and Diptera increased. 


The decline in percentage composition of 
Trichoptera appears typical as evidenced in 
other studies. The decline in Ephemeroptera 
as compared to an increase in Plecoptera is 
somewhat unusual, however, although it has 
happened in other instances as shown by 
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Figure 19. Aquatic insect bottom sample lo- 
cations were as follows: (1) Haynes Creek, 
(2) Geertson Creek, (3) Dahlonega Creek, 
(4) Upper North Fork Salmon River, (5) 
Pierce Creek, (6) Lower North Fork Salmon 
River, (7) Indian Creek, (8) Squaw Creek, 
(9) Spring Creek, (10) Boulder Creek, (11) 
Pine Creek, (12) Owl Creek, (13) Colson 
Creek, (14) Garden Creek, (15) Lower Pan- 
ther Creek, (16) Trail Creek, (17) Moccasin 
Creek, (18) Panther Creek (above Naipas 
Creek), (19) Deep Creek, (20) Panther Creek 
(above Blackbird Creek), (21) Copper Creek, 
(22) Woodtick Creek, (23) Musgrove Creek, 
(24) Moyer Creek, (25) 4th of July Creek 
(above PB4Y2 dump), (26) 4th of July Creek 
(below PB4Y2 dump), (27) Panther Creek 
(below 4th of July Creek), (28) Panther 
Creek (above 4th of July Creek), (29) Opal 
Creek, (30) Panther Creek (above Opal 
Creek), (31) Silver Creek, (32) Yellowjacket 
Creek, (33)Shovel Creek, (34) Beagle Creek, 
(35) Meadow Creek. 


Graham and Scott.! Differences in Plecoptera 
insect size and genera apparently make a con- 
siderable difference in susceptibility to insec- 
ticides (Jensen and Gaufin 1964b). 

In one instance, at the station located on 
the upper North Fork of the Salmon River, 
there was a considerable decrease in popula- 
tion numbers. The highest concentrations of 
DDT in water samples were collected at this 
station. The flushing time or velocity of 
stream flow also affected DDT concentrations 
at this particular station. The confluence of 
Pierce Creek with the North Fork of the Sal- 
mon River is only a few hundred feet upstream 
from where the North Fork bottom sampling 
station was located. The lower end of Pierce 
Creek has numerous beaver dams and ponds. 
When the Pierce Creek drainage was sprayed, 
drift insect counts were very high and a cor- 
respondingly high count was obtained at the 





1Graham, R. J. and Scott, D. O., Effects of an 
aerial application of DDT on fish and aquatic insects 
in Montana, 1959. (Joint project report by Montana 
Fish and Game Department and U.S. Forest Service, 
on file with Montana Fish and Game Department, 
Helena, Montana.) 
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North Fork sampling station. Apparently, 
DDT spray which reached the water in Pierce 
Creek was flushed downstream slowly but 
continuously. This was substantiated when 
2 days later, drift samples taken before 
any spraying was done on that day still show- 
ed larger than normal numbers of insects. 

Some researchers feel that recruitment of 
aquatic insects from unsprayed portions of 
stream headwaters is important from the 
standpoint of repopulation. Schoenthal (1963) 
found that repopulation took place by down- 
stream drift recruitment from the unsprayed 
section of a stream above, as well as from new 
egg deposition. A comparison of data in table 
8 with proportions of drainages sprayed in- 
dicated, however, no direct correlation be- 
tween postspray populations and percentage 
of stream sprayed. Actually, in some streams 
where the entire drainage was sprayed, and 
where heavy insect losses occurred, both high 
and low repopulation numbers showed up in 
the October bottom sampling. In all cases, 
however, streams with only a short section of 
the lower portion of the drainage sprayed 
showed substantial increases in population 
from July to October. 


Water Sampling 


Water samples were collected from several 
locations (fig. 21) to determine the amount of 
DDT in the streams. 


Sampling procedures utilized two different 
techniques. Most were dip samples taken by 
immersing a collection container in the water 
and allowing it to fill as quickly as possible. 
All dip samples. were taken near the center of 
the main current with the openings of the 
container held a little below the surface. The 
second method involved the test use of bur- 
ettes to obtain a continuous sample over a 
given period of time, A discussion of burette 
use, and a comparison of the two methods, is 
included later in this report. 

Water samples were collected in either 1- 
pint or 1-gallon tin cans. Identification num- 
bers were written on the cans, collection in- 
formation recorded on field record sheets (fig. 
22), and the samples sent to the Agricultural 
Research Service. Laboratory. There they 
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Figure 20. A bottom sampler is cylinder- 
shaped with both ends open. One-half the side 
is covered with 144 mesh screen and the other 
half with 36 mesh screen. It is placed in the 
stream with the coarse mesh upstream and 
the stream bottom stirred thoroughly. The 
debris is washed into a dishpan where the 
insects can be picked out and placed in vials 
of alcohol. Large rocks from the sample are 
examined for insects. Five samples of 2 
square feet each, a total of 10 square feet, are 
taken at each station. 





were analyzed for DDT residues according to 
the following procedure, quoted from the an- 
alysis report.? 


Upon receipt at the Laboratory, the cans 
were stored under regular refrigeration tem- 
peratures. 


At analysis time, the cans were shaken 
to mix their contents and the volume of 
water in the can determined by actual mea- 
surement. An aliquot of the total volume 
was taken (usually 1,000 ml.) and the can 
rinsed with a solvent and a like aliquot of 
the rinsings taken and combined with the 
original aliquot taken for analysis. 


The insecticide content of the water was 
removed by repeated liquid-liquid extrac- 
tions with distilled n-hexane. The solvent 
extracts were combined for each sample and 
evaporated to dryness and made to a 
definite volume. 


1Agricultural Research Service mimeographed 
report PCY-64-22, 1964. (On file with Entomology 
Research Div., ARS, Yakima, Wash.) 
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The insecticide content of the solvent 
extracts of the water samples was deter- 
mined by gas chromatography. A lower 
limit of accuracy of the analytical method 
was established at 0.2 part per billion. 


Known amounts of insecticides were add- 
ed to water samples, after original analysis 
indicated that the residue level in the sam- 
ple was low, and the percentage recovery 
of the amounts added was determined. The 
average recovery was 93.5%, with a range 
from 80 to 100 percent. Residue level added 
ranged from 0.5 to 1.0 part per billion. 


Originally, plans provided for collection and 
analysis of approximately 85 water samples. 
Eventual expansion of monitoring plans re- 
sulted,in the collection of 446 water samples. 
Therefore, 149 of these samples were selected 
on a priority basis for analyses (table 9). 
Water samples selected for analysis were pri- 
marily those taken from streams showing sig- 
nificant increase in drifting aquatic insects. 
Twenty-six samples were found to contain 
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Figure 22. Water sample collection field record form. 


Date 





srornom Number. 








measurable amounts of DDT. None of the 149 
samples, however, showed any measurable 
amounts of DDD (TDE) or DDE. Neither 
the prespray samples from Opal Creek nor the 
control samples from Haynes Creek contained 
measurable amounts of DDT. Two-tenths part 
per billion was the lowest amount detectable 
(fig. 23) by the analytical method used. 


Usually, when a series of water samples was 
found to contain DDT, a corresponding in- 
crease was noted in the number of drifting 


insects. This was not always true, however. 


—_—_———eeeeene eee 


Figure 21. Water sample stations were lo- 
cated at: (1) Haynes Creek (control), (2) 
4th of July Creek (Salmon River), (3) Upper 
North Fork Salmon River, (4) Hughes Creek, 
(5) Hull Creek (east fork), (6) Hull Creek 
(spring on west fork), (7) Hull Creek (res- 
ervoir), (8) Lower North Fork Salmon River, 
(9) Pine Creek, (10) Boulder Creek, (11) 
Garden Creek, (12) River Station, (13) 
Lower Panther Creek, (14) Panther Creek 
(above Napias Creek), (15) Panther Creek 
(above Blackbird Creek), (16) Panther Creek 
(above Musgrove Creek), (17) 4th of July 
Creek (above road bridge), (18) Opal Creek. 
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Sample Collector 


SCmplerAnglyzet aes & oF eee ee 


Sample D.D.T. Con- 
Number Time centration 


As shown in table 9, water samples R-84 and 
R-85 (Salmon River station on July 10) 
contained measurable amounts of DDT, but 
no corresponding increases of drift insects 
were noted (table 7). Also, not all streams 
which showed an increase of drifting insects 
showed measurable amounts of DDT in the 
corresponding series of water samples. This 
was most likely because spray could have 
passed the sampling point as a block of con- 
taminant in a matter of just a few minutes. 
Samples taken at hourly intervals could have 
missed these blocks, similar to that indicated 
by Cope (1961) in his study on the Yellow- 
stone River. 


Water samples collected from Hughes Creek 
on July 9, as shown in table 9, appear to sub- 
stantiate the fact that introduced spray from 
a normal treatment may pass downstream in 
blocks. In this instance the data show an ap- 
parent 114-hour spacing between blocks. 


By explanation, it should be pointed out 
that water samples collected at the Salmon 
River station were composites of dip samples. 
Two pint samples collected every 15 minutes 
were combined each hour to make a 1-gallon 
composite hourly sample. 
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Table 9. (continued) 


Remarks 


Type of 
sample 


Sample DDT 
time (ppb) ” 


Sample 
numbers 


Date 
(1964) 


Stream name 


Dip 


2:30 
3:00 
3:30 
4:00 
4:30 
5:00 
5:30 
6:00 
6:30 


Panther #5 
Panther #6 
Panther #7 
Panther #8 
Panther #9 


17 


hs 


Panther Creek 
(continued ) 


“ 


ut 


uw 


Panther #10 
Panther #11 


“a 


Ww 


ul 


u 


Panther #12 


Panther #13 


1 Agricultural Research Service mimeographed report PCY-64-22, 1964. (On file with Entomology Research Div., ARS, Yakima, Wash.) 


2All values less than 0.2 ppb shown as “—’. 
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Live-box Testing of Fish 


Description 


In order to detect acute toxicity and fish 
mortality during spraying operations, fish in 
live-boxes were placed at selected locations 
both inside and outside the spray area (fig. 
24). Two species of fish, chinook salmon and 
rainbow trout (Salmo gairdneri), inhabitants 
of streams in the Salmon area, were tested to 
assess the effects or differences in suscepti- 
bility to DDT. Both the Forest Service and 
the Idaho Fish and Game Department par- 
ticipated in this phase of monitoring. 


Forest Service. Live-boxes were located on 
both Haynes and Geertson Creeks as control 
stations. Test stations were located on the 
upper and lower ends of the North Fork of 
the Salmon River, the lower ends of Panther 
Creek, and Opal Creek, and on the main 
Salmon River near the mouth of Ebenezer 
Creek. 


Live-box dimensions were approximately 
4’x 11%4’x 114’. Boxes used to hold chinook 
salmon were covered with aluminum 144 mesh 
window screening. Boxes containing rainbow 
trout were covered with 14-inch mesh hard- 
ware cloth. Each box was boarded solid on 
half the bottom area, one end (upstream end), 
and both sides. In addition, a louvered parti- 
tion was built inside the boxes to lesson water 
current velocity. Louver spacing allowed fish 
to move freely from one section of the box 
to the other. The boxes were held in place 
with wire and stone anchors. 


Originally it was planned to place 200 fish 
in each box 4 days prior to spraying. On 
the day before spraying, 100 fish were to be 
removed leaving 100 of the most vigorous 
fish. This would eliminate weak and dead 
fish resulting from transportation and hand- 
ling. The number of chinook salmon available 
for testing was limited, however, and fewer 
fish were used. It was also necessary in some 
cases, to use a shorter tempering period prior 
to spraying, because of difficulties in correlat- 
ting personnel work schedules with spraying 
schedules. 


Figure 23. The detection level used for DDT in water. 





PART PER BILLION 


IS EQUAL TO 


one drop in 
62 10,000 gallon 


railroad tank cars 


in a 872 ft. cubic tank! 


Figure 24. Forest Service live-box stations 
were located at: (1) Haynes Creek (control 
station), (2) Geertson Creek (control sta- 
tion), (3) Upper North Fork, (4) Lower 
North Fork, (5) Main Salmon River, (6) 
Lower Panther Creek, (7) Opal Creek. Idaho 
Fish and Game Department live-boxes were 
located at: (2) Geertson Creek (control sta- 
tion), (8) Panther Creek, (9) Indian Creek 
(10) North Fork Salmon. Wild fish sampling 
locations were on: (11) Lemhi River (control 
location), (12) Dahlonega Creek, (13) Lower 
North Fork Salmon River, (14) Indian Creek, 
(15) Squaw Creek, (16) Spring Creek, (17) 
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OR 


Main Salmon River, (18) Colson Creek, (19) 
Panther Creek, (20) Musgrove Creek, (21) 
4th of July Creek (above PB4Y2 dump), 
(22) 4th of July Creek (below PB4Y2 dump), 
(23) Panther Creek (below 4th of July 
Creek), (24) Panther Creek (above 4th of 
July Creek). Aquatic vegetation sampling lo- 
cations were on: (4) North Fork Salmon Riv- 
er, (9) Indian Creek, (11) Lemhi River, (12) 
Dahlonega Creek, (16) Spring Creek, (18) 
Colson Creek, (20) Musgrove Creek, (25) 
Boulder Creek, (26) Moose Creek, (27) Wag- 


onhammer Creek. 
anna ieee 
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Test fish consisted of rainbow fingerlings 
2 and 4 inches long, provided by the 
Idaho Fish and Game Department Mackay 
Fish Hatchery. Chinook salmon fingerlings 
2 to 3 inches long were collected from 
downstream migration traps within the Lemhi, 
Salmon, and Pahsimeroi Rivers. A few chi- 
nook salmon were collected by use of an 
electric shocker from the Lemhi River. 


Test fish were transported to live-box sta- 
tions in fish planting trucks. Water temper- 
atures were controlled by icing when neces- 
sary. Every effort was made to equalize water 
temperatures when the fish were placed in 
live-boxes. 


During the period of spray applications, 
live-boxes were checked daily when possible. 
Observations of mortality, water level condi- 
tions, and in some cases water temperatures 
were recorded on field record forms (fig. 26). 
Individual records were kept on each species 
of fish for each station. 


Idaho Fish and Game Department. Addi- 
tional live-boxes were installed by the Depart- 
ment (fig. 24). These live-box studies were in 
conjunction with the study to evaluate long- 
term effects on fish subjected to sublethal 
amounts of DDT. 


Test fish used in these studies were also 
obtained from the Mackay (Idaho) Fish 
Hatchery. Rainbow fingerlings approximately 
2% to 3% inches long were placed in Pan- 
ther Creek, in Indian Creek, and controls in 
Geertson Creek. Adult rainbow trout aver- 
aging 1114 inches long were placed in Pan- 
ther Creek, Indian Creek, in two sections of 
a rearing channel in the North Fork of the 
Salmon, and as controls in Geertson Creek. 

Fish used in the Lower North Fork studies 
were not placed in live-boxes. In this case, 
the fish were held in short sections of a side 
channel of the North Fork. This was an arti- 
ficial channel with regulated water flow. 


Live-boxes used by the Department mea- 
sured 4’ wide x 8’ long x 3’ deep. The top of 
each box was covered with a black colored 
plastic sheet to protect the fish from direct 
sunlight. Each box was anchored in slack 
water or eddies to reduce swim fatigue. 
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Figure 25. Chinook salmon and rainbow trout 
were held in fish live-boxes on a number of 
spray project streams and control streams 
from before spraying through a testing period 
after spraying. 





YR 


Results 


Forest Service. Fish in the control boxes 
located on Haynes and Geertson Creeks show- 
ed a low mortality rate for both species, 
(tables 10 and 11). The control fish received 
the full 4-day tempering. Control boxes 
were located so they did not become subjected 
to fluctuating water levels. Water tempera- 
tures ranged in the mid-forties on both 
streams. 


The Opal Creek live-box test was limited to 
rainbow trout, as chinook salmon were not 
available. A 1-day tempering period resulted 
in only one dead fish. Due to work schedules, 


Figure 26. Live-box field record form. 


Fish in Live Box 


Station Number 


Number 
Alive in Box 


the usual culling to 100 test fish was not done. 


Five fish, of 280 fish placed in the live-box, 
died during the testing period. It is doubtful 
that the mortality sustained in this box can be 
attributable directly to the spray operation. 


The main Salmon River test station show- 
ed only limited rainbow trout mortality but 
chinook salmon losses at this station were ex- 


treme. Most of the rainbow loss, 14 of 20, oc- 
curred on 1 day, July 19. On that date the 
river level dropped, lowering water in the 
rainbow trout live-box to only 1 inch deep. 
Fish were extremely crowded and this factor 
is probably responsible for the loss. The num- 
ber of chinook salmon used in the Salmon 
River test was small. These fish were also sub- 
jected to a sudden drop in water level, which 
likely contributed to their high mortality rate. 


Results from the lower and upper North 
Fork of the Salmon River live-box tests in- 
dicate survival was excellent for both species 
of fish. The lower station was subjected to 
fluctuating levels although water was never 
less than 6 inches deep inside the live-boxes. 





Number Dead 


Comments 
(Include Recorder’s Name) 


Removed 
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Survival results for the lower Panther Creek 
station were 89 percent for rainbow trout and 
60 percent for chinook salmon. Water level in 
the Panther Creek boxes dropped several 
inches overnight on several occasions, neces- 
sitating moving the boxes. On some days the 
water in the boxes was down to 2 or 3 inches 
in depth. Daily records shown in tables 10 
and 11, show no definite patterns indicating 
a buildup of mortality from any specific cause. 
In both boxes some mortality occurred after 
the tempering period but before spraying was 
done upstream from the test station. From 
these data it is difficult to identify the exact 
cause of mortality, but it does not appear to 
be caused by spray exposure. 

Idaho Fish and Game Department. The re- 
sults of the rainbow fingerling studies are 
shown in table 12. Losses in Geertson Creek, 
the control stream, were small until the latter 
part of the testing period. In both the Geert- 
son and Indian Creek boxes, the heavier losses 
sustained during the latter part of the testing 
period were probably caused by starvation. 


Losses in the Panther Creek box, however, 


Table 10. Rainbow trout mortality in live-box tests by the Forest Service 








Date Control streams Test streams 
Lower Upper Main 
Haynes Geertson North Fork Lower Panther *Opal North Fork Salmon River 
cp oF =p FB 55. o a Se 9 9S SE 969 SF o UJ 
joy go 58 ps 22 fs 23 52 Stee $2 Fs Seem 
Om 22 9m 22 9m 22 Om 22 Om 2GQ Om Va nm 22 
1964 ee Reg ge AE ee eS gS se eG er coe 
a> o> eo os a> o> > 
1 100 100 100 
2 100 100 100 ‘ 
3 100 100 99 1 
4 100 100 98° 1 
5) 100 100 100 oF, 1 
6 100 100 100? 95 2 
if 100 100 100 94° 1 200 
8 100 100 94 199 1 
9 100 100 100 93 1 199 
10 100 100 199 
11 100 100 100° 92 1 100? 199 
12 100 100 100 92 280 100 199 
13 100 100 100 91 1 PRA 4 100 197 2 
14 100 100 100 oT 278 1 100 195 2 
15 100 100 100° 89 2 100 1005395; 
16 100 278 100 99 1 
7, 100 99 1 100 89 100 
18 
19 100 98 1 100 89° 100 35 tae 
20 278 
21 100 98 99 1 89 100 85 
IR? End of testing period 277 1 
I) End of test 27 2 
Totals 100 0 98 2 99 1 89 = 11 275 5 100 0 195" 5 
S55 Y5 
Percent 0 2 1 11 2 0 2.55 & be 


SY 


‘Blanks in these columns indicate live-boxes not inspected on those dates. 

*First day spraying occurred upstream from test site. 

395 fish removed because of crowding and dropping water and box was moved to deeper water. 
*Water level dropped and only one inch of water remained in box. 

5Live-boxes moved into deeper water due to drop in water level. 

‘First day spraying occurred upstream from test site and live-box moved to deeper water due to drop 
in water level. 

‘Total at July 15 before 95 fish were removed. 

8Total left of 100 fish in box on July 16. 


NOTE: Tempering period for the Haynes and Geertson Creek stations began on June 27. 
Tempering period for Panther and lower North Fork stations began on June 28. 
Tempering period for upper North Fork station began on July 6. 

Opal Creek received a 1-day tempering period. 
Main Salmon River fish received no tempering period. 


Table 11. Chinook salmon mortality in live-box tests by the Forest Service 











Date Control streams Test streams 
Lower Upper Main 
Haynes Geertson North Fork Lower Panther North Fork Salmon River 
let biel « eyies ide). peek =pie ties a Sites 
ee es esas 28 okt: ee, ae 
o =» 0 oe o = ° eg o = og Ch og or 0g Ors 9g 
1964 Xo o- %2 Sm %F Ge LE Se LE Ge FTE Sm 
an a4 a4 2% cP im fol ca > «2 ca 
1 50 50 50 
2 49 1 50 48 2 2 
3 49 49 ] 48 
4 49 49 48° 
) 49 A9 50 48 
6 48 1 49 507 48 
7 48 49 50 A5* 3 10 
8 48 49 45 9 1 
9 48 49 49 1 44 1 9 
10 48 49 9 
11 48 48 1 Af- 2 42 2 60? 9 
t2 A8 48 47 40* iz 60 9 
13 48 48 45 2 O° 1 60 6 3 
14 48 48 45 35 4 60 6 
{IRs} 48 48 fle 2h) 60 4 2 
16 45 59 1 4 
17 48 48 45 32 3 ag 
18 
19 48 48 45 30+ 2 59 2 Z 
20 
21 48 48 45 30 59 2 
End of testing period 
Totals A8 2 48 2 45 © 30 20 59 1 2 8° 
ec oe pe el ll ee 
Percent 4 4 10 40 2 75 


a 


1Blanks in these columns indicate live-boxes not inspected on those dates. 

2First day spraying occurred upstream from test site. 

3Hole in box allowed two of these fish to escape. 

4Live-box moved to deeper water due to drop in water level. 

5First day spraying occurred upstream from test site and live-box was moved to deeper water due to drop 
in water level. 


NOTE: Tempering period for the Haynes and Geertson Creek stations began on June 27. 
Tempering period for the Panther and lower North Fork stations began on June 28. 
Tempering period for upper North Fork station began on July 6. 

Main Salmon River fish received no tempering period. 
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were extreme and occurred earlier in the test- 
ing period. Physical condition of fish is re- 
flected somewhat in a later discussion regard- 
ing extractablelipids of fish analyzed for DDT 
residues. 


The pattern of fish mortality at the Idaho 
Fish and Game Department Panther Creek 
station is quite different from that of rainbow 
fingerlings held in Forest Service live-boxes 


at the same location. Forest Service data in- 
dicate mortality was spasmodic and could 
have resulted from water level changes. Ob- 
jectives of the Forest Service evaluation were 
for determining acute effects and plans pro- 
vided for holding fish in live-boxes for only 
2 to 3 weeks. Fish in the Forest Ser- 
vice live-box on Panther Creek may have suf- 
fered losses similar to Department losses had 
the fish been held for a longer period. 


Table 12. Fingerling rainbow trout mortality in live-box tests by the Idaho Fish and Game 


Department’ 


Control stream 


Inspection Geertson Creek 
Date 
(1964) Dead fish 
Live fish removed 
6-29 
6-30 
7-2 
7-4 
7-5 
7-6 300 
7-8 300 
7-12 
7-15 300 
7-21 
7-22 298 2 
7-27 298 
8-3 297 1 
8-6 
8-19 297 
8-21 
8-24 
9-8 
9-14 297 
9-24 295 2 
10-1 293 ?) 
10-2 
10-3 
10-7 290 3 
10-14 283 Ti 
10-20 ZO 17 
10-21 


End of testing period 


Panther Creek 


Test streams 


Indian Creek 


Dead fish Dead fish 
Live fish removed Live fish removed 
350 
350 300? 
300? 
3 3 
300 288 12 
292 8 287 ] 
289 3 287 
256 33 287 
120 136 287 
715 45 287 
66 9 287 
56 10 287 
55 1 287 
55 287 
Ys) 287 
55 276 11 
262 14 
55 
55 246 16 
55 2S 31 
169% 31 
104 


a ee eee 
1From long-range study being conducted cooperatively between the Forest Service and Idaho Fish and 


Game Department. 
2Removed weaker fish and started test period. 


’First day spraying occurred upstream from test station. 
4Fish removed from boxes and transplanted to the Mackay Fish Hatchery. Those fish unaccounted for 
are presumed to have decomposed between inspections. 
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Idaho Fish and Game Department data 
show a rapid and increasing mortality pat- 
tern, but starting after the termination of 
the Forest Service testing period. The data 
concerning Department rainbow fingerlings 
show a significant mortality beginning on July 


21, increasing through the latter part of July, 
and then diminishing in August. 

Table 13 indicates that most adult rainbow 
losses occurred shortly after being placed in 
the live-boxes. Rainbow placed in the arti- 
ficial stream channel on the lower North Fork 


Table 13. Adult rainbow trout mortality in live-box tests by the Idaho Fish and Game 


Department’ 





Test streams 


Control stream 


Inspection 
( bos Geertson Panther 
Live Deadfish Live Dead fish 
fish removed fish removed 
6-29 
6-30 70 
7-2 30? 
7-4 : 
7-5 20 10 
7-6 30 
7-8 28 2 19 1 
7-12 16 
7-15 235 3 
7-21 16 
7-22 25 
7-27 25 16 
8-3 25 16 
8-6 16 
8-19 
8-21 16 
8-24 16 
9-8 16 
9-14 25 16 
9-24 25 16 
10-1 25 
10-2 16 
10-3 
10-7 25 16 
10-14 25 16 
10-20 
10-21 25 16° 


Live 
fish 


70 
30? 


25 


1? 
19 


19 


19 
19 
19 


1 
19 
19 
19 
ic, 
19 


Ly 
19 


Lower No. Fork 
Lower end side 


Lower No. Fork 
Upper end side 


Indian channel channel 
Dead fish Live Dead fish Live Dead fish 
removed fish removed fish removed 

D7, 
5 
3s 3 
6 
27s 30 
27 
27 
27, 
27 
27 Pipe 
27 2 
27 24 3 
228 
27 22 
if 22 
Pe Pyke 


Ly 


nC LU tt 


Percent loss 17 


37 0 rf 


nn SEU EE EEE 


1From long-range study being conducted cooperatively between the Forest Service and Idaho Fish and 


Game Department. j : 
2Removed weaker fish and started test period. 


3First day spraying occurred upstream from tes 
4Thirty fish removed and placed in the lower en 


5Fish removed for analyses. 


t station. 
d of side channel on Lower North Fork. 


6Fish removed from boxes and transplanted to the Mackay Fish Hatchery. 
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sustained only minimal losses. The mortality 
which occurred on July 5, in both the Panther 
Creek and Indian Creek live-boxes, occurred 
only 1 day after spraying began upstream. 
It thus appears that these early losses were 
probably still the result of handling and trans- 
portation. 

A question arises as to why adult and fin- 
gerling rainbow held in live-boxes at the same 
location on Panther Creek for the same period 
of time did not suffer similar mortalities. 
Schoenthal (1963) found that mortality from 
DDT was greater and quicker among small 
fish as compared to larger ones. His work 
showed that a 100 percent mortality occurred 
among small hatchery rainbow fingerlings 
(1% to 3 inches) when held for 48 hours 
in continuous concentrations of DDT, rang- 
ing from .05 to 3.0 ppm. Larger hatchery 
rainbow (5.1 to 10.0 inches) sustained a 66 
percent mortality when subjected to 48 hours 
of continuous DDT concentrations, rangnig 
from .25 to 10.0 ppm. The surviving fish in the 
latter group were held for a 30-day post-test 
period and suffered an additional 10 percent 
mortality. Schoenthal concluded that a cor- 
relation existed between the size of fish and 
mortality. 

In the final analysis of all live-box data 
available, it appears that most of the mor- 
tality losses sustained in live-box studies re- 
sulted from such causes as handling, transpor- 
tation, drops in water level, and possibly star- 
vation. There is a probability, however, that 
the fingerling rainbow held in Department 
live-boxes on Panther Creek died as a result 
of spraying in that drainage. This does not 
preclude the possibility that other factors 
may have influenced their susceptibility to 
DDT spray. 


Wild Fish Sampling 


Samples of wild fish were taken before and 
after spraying for analyses of possible residue 
levels previous to spraying and changes re- 
sulting from the spray project. Most samples 
were taken with the electric shocker from 
various streams throughout the project and 
from a control stream (fig. 27). 
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Wild fish were taken from six streams be- 
fore spraying started, from seven locations 
immediately after spraying, and from ten 
streams 3 months later. As samples were 
collected, they were placed in plastic bags 
and frozen. 


Fish Residue Analyses 


All samples of wild fish taken with the 
electric shocker were used to determine resi- 
due levels of DDT and DDT metabolites. 


Samples of fish used in live-box studies also 
were taken to determine residue levels at the 
beginning of the testing period and any pat- 
terns resulting from spray exposure during 
the testing period. As indicated previously, 
chinook salmon fingerlings from live-box stu- 
dies were wild fish. Rainbow trout used in 
live-box studies were obtained from the Mac- 
kay Fish Hatchery. 

Wild fish collected with the electric shocker 
in June and July were drawn to make separ- 
ate samples of the viscera and the body. If 
fish were to become exposed from gorging on 
DDT killed aquatic insects, then the stomach 
and stomach contents of fish taken immedi- 
atly after spraying should most likely contain 
higher residue levels than the body tissues. If 
higher, the contents of the stomach should not 
be included in the total body sample because 
portions of residues in the stomach contents 
would be lost in excrement and not be ab- 
sorbed as part of the body content. 


All fish were handled in the same manner, 
regardless of source. Samples were placed in 
individual plastic bags, frozen, and shipped to 
the Agricultural Research Service Laboratory. 
At the laboratory the following extraction, 
cleanup, and analytical procedures were used:! 


Extraction 


Samples were thawed, chopped into small 
pieces and ground. Small fish were not 
ground but were put directly in the Virtis 
homogenizer bowl. A weighed portion of 


1Agricultural Research Service mimeographed 
report PCY-65-14, 1965. (On file with Entomology 
Research Div., ARS, Yakima, Wash.) 


Figure 27. Chinook salmon, steelhead trout, and rainbow trout were taken from streams by 
the use of an electric shocker. Samples were taken before the spray project started, just after 
it was completed, and again about 3 months later. Fish samples were put in plastic bags, 
frozen, and sent to the ARS laboratory where they were analyzed for DDT residues. 
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the ground fish was put in the Virtis bowl 
and blended 5 minutes with 100 ml. chloro- 
form with the Virtis homogenizer. Anhy- 
drous sodium sulfate was added, the sample 
was filtered through a cotton plug overlaid 
with anhydrous sodium sulfate and the 
flask and filter were washed until a volume 
of 200 ml. of Chloroform was reached. 


* Kk 


Cleanup 

A 100 ml. volume of the extract was shaken 
2 times with 10 ml. fuming (15-18%) sul- 
furic acid, removing the acid each time, and 
then once with 20 ml. concentrated sulfuric 
acid, washed with water until the sample 
looked clear (4-6 washings). Anhydrous 
sodium sulfate and Celite 545 were added, 
the sample shaken and filtered through a 
cotton plug overlaid with anhydrous sodium 
sulfate. The flask and funnel were rinsed 
twice with chloroform. The filtrate was 
evaporated to dryness, the sides of the flask 
rinsed down with chloroform and again 
evaporated to dryness. Distilled n-hexane 
was used to rinse down the side of the 
flask, evaporated to dryness and this step 
repeated. Air and a warm water bath were 
used for the evaporations as for the algae. 
The residue was then made to a definite 
volume with distilled n-hexane. 

* *K * 


Analysis 


Gas chromatography. Four foot glass col- 
umn — 2 ft. of 5% DC200 on acid washed 
Chromosorb and 2 ft. of 10% QF-10065 on 
acid washed Chromosorb — Research Spe- 
cialties — Sr 90 Detector. 

Crude extractible lipids. Five ml. of the 
chloroform extract were put in a weighted 
beaker and allowed to dry overnight and 
weighed again in the morning. The residue 
remaining was called crude extractible li- 
pids. 


Recoveries 

Fish .. . that were analyzed and found to 
be low in DDT content were used to check 
the recovery of DDT and its metabolities. 
DDT and its metabolites added to ... fish 
at rates of 0.1 to 10.0 ppm gave average 
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recovery of 96.6% of DDE, 91.8% of com- 
bines 0,p’ - DDT and TDE, and 115.7% 
p,p’ — DDT. 


Detailed reports of DDT and DDT meta- 
bolities for wild fish are given in table 14 and 
for fish samples taken from live-box studies 
in table 15. 


Averages of residue levels are shown in 
table 16. 


Summaries of total DDT residues are gra- 
phically illustrated for wild fish in figure 28 
and for fish samples taken from Forest Ser- 
vice live-box studies in figure 29. 


Every sample of fish from before spraying 
started, except the chinook salmon from con- 
trol live-boxes, had measurable amounts of 
DDT residues. 


Wild fish collected by shocking before 
spraying started contained residue levels of 
from .035 to .410 ppm of DDT. Some of these 
fish were more than a year old so that expo- 
sure to DDT could either have originated a 
year or more previous to this project, or DDT 
could have accumulated for more than a year. 


Chinook fingerlings taken from the Lemhi 
and Pahsimeroi Rivers for live-box studies 
contained from less than .005 to .029 ppm 
DDT. Rainbow trout used in live-boxes came 
from the State Hatchery and contained from 
.055 to .234 ppm total DDT. It is important 
to note that these fingerlings of both species 
were less than 1 year old so that contamin- 
ation would have resulted primarily from over- 
winter and spring exposure. Wild fish, includ- 
ing the chinook salmon from the live-box tests 
could only have been exposed in natural en- 
vironment of native waters. This is not true 
for rainbow trout used in the live-box tests. 


There was an aerial DDT spray project in 
1956 over some of the same forested areas 
that were treated in this 1964 project. It is 
impossible to know if the prespray residue 
levels resulted from the 1956 ‘project. 


In live-box testing there was no increase in 
the residue levels of rainbow trout held as 
controls but there was an increase from .005 
to .021 ppm in chinook salmon between the 
prespray and postspray period. Control fish 


in Haynes Creek were held in portions of the 
stream well above agricultural development so 
chances of contamination from such a source 
were practically nil. There was a possibility 
that highly volatized materials from the spray 
project could have drifted beyond the project 


boundaries. Settling out could have been at 
a very low rate, but possibly enough for subtle 
low-level exposure. 

In the sampling period immediately follow- 
ing spraying, residue levels rose sharply in 
both species in live-boxes from Panther Creek 


Table 14. DDT and DDT metabolites in wild fish’ (in parts per million) 





Sample Date 
No. Location Sample type (1964) 
57 Colson Cr. Rainbow 6-25 
58 Rainbow 7-27 
59 5 rainbow 10-20 
60 Dahlonega Cr. Rainbow 6-18 
61 Rainbow 7-27 
62 Dolly varden 7-27 
63 5 rainbow 10-20 

1 sculpin 

1 brook 
ie Indian Cr. Rainbow 6-23 
73 Rainbow 7-27 
74 Rainbow 10-20 
75 11 chinook 10-20 
76 Musgrove Cr. Rainbow 6-25 
Thve Rainbow 7-27 
78 Rainbow 10-19 
89 Spring Cr. Rainbow 6-23 
90 Rainbow UPN 
91 7 rainbow 10-20 
92 Squaw Cr. Rainbow 6-23 
93 Rainbow 7-27 
86 Panther-Napias Fish 10-19 
106 Lower N. Fk. 1 rainbow 10-20 
107 2 rainbow 10-20 

108 1 chinook 10-20 
101 Main Salmon 1 cutthroat 10-20 

Controls: 

97 Lemhi River Rainbow 7-19 
99 1 rainbow 10-20 
1 whitefish 
1 sculpin 
98 Lemhi River Chinook EN 
100 Chinook 10-20 


o,p’-DDT 
Percent and Total 
lipids DDE TDE p,p’-DDT DDT 
v/ 019 <.005 .016 .035 
Vas a2LL .048 .608 928 
5.1 .400 .033 .376 .809 
1.4 .030 .006 .032 .068 
eS .144 .048 736 928 
PoP 344 056 .560 .960 
all .118 .028 444 590 
203 .070 .007 OSI) .128 
3.0 .208 .080 816 1.104 
35 .660 .076 .760 1.50 
4.6 .600 .086 .668 135 
1.6 .020 <.005 =<—.005 .020 
2.9 .290 .040 .490 .820 
4,2 rA0 .040 .580 Ke, 
1.3 (O32 <.005 .009 .041 
15) .076 .032 .368 476 
7258) 456 .060 624 1.14 
2.4 .220 .020 nO .410 
2.3 .360 .040 Jay 910 
a2 .860 .040 1.18 2.08 
a2 .430 .040 .560 1.030 
8.0 .203 .053 .763 1.019 
4.2 .041 << 005 446 487 
1.6 PE20 <.005 JS: 272 
4.6 .006 .006 .010 .022 
4.9 .010 <.005 .048 .058 
4.9 .005 .005 .005 015 
6.9 cONisS .007 .080 .100 


1 Agricultural Research Service mimeographed report PCY-65-14, 1965. (On file with Entomology 


Research Div., ARS, Yakima, Wash.) 
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and to a far lesser degree in fish from the 
North Fork of the Salmon. No other analysis 
made during monitoring could verify the in- 
creases in these streams. 

It should be noted that residues in flesh 
are accumulations, and in these cases could 
be accumulations from low levels of exposure 
in the water, from food material, or both. It 
is a factor that Panther Creek has a large 
drainage area. In addition, the Panther Creek 
drainage received many days of spraying. 


There was a possibility of repeated low-grade 
contamination providing for possible high ac- 
cumulated total residue in the aquatic life. 
Some contributions to Panther Creek of DDT 
were also made by the emergency load jetti- 
soned from the PB4Y2 plane as discussed 
later. 

Increases in residue levels of live-box fish 
did occur as a result of project exposure. 
Mortality rates did not indicate that post- 
spray residue levels of from .369 to 2.52 ppm 


Table 15. DDT and DDT metabolites in chinook salmon and fingerling rainbow trout from 


live-box studies’ (in parts per million) 


Sample Date 
No. Species Location (1964) 
Forest Service: 
68 Rainbow Haynes Cr.’ 7-1 
69 au “ut u T=2 | 
79 a Panther Cr. 7-5 
80 ul uM “ut T=2 | 
102 a North Fork 7-5 
103 au ul ul Tea 
70 Chinook Haynes Cr.’ 7-1 
71 “Mt ul uM a2 
87 ss Panther Cr. 7-5 
88 Hu ut uM 7 foo ie | 
104 u North Fork 7-5 
105 u au ul T=2N 
Idaho Fish & Game Department: 
30 Rainbow Panther Cr. 7-21 
16 a“ “ul “ WiaP27 
AQ ul “tl ul 8-6 
50 au ut ul 8-2] 
24 a Indian Cr. 7-4 
32 au ul ul 10-1 
33 uM ul A TO=7 
34 " " a 10-14 
Zo a Geertson Cr.” 7-6 
5 Li a“ au 10-14 


o,p'-DDT 

Percent and Total 
lipids DDE TDE p,p’-DDT DDT 
5) (8) .028 .006 .021 5055 
1.9 .008 <.005 .009 O17 
7) 3 .030 .040 .164 .234 

1k6 .207 .096 222 2e52 
$1.3) .007 013 .037 .057 
Deo .038 x0 511 .280 .369 
An) nan) <.005 <<005 <@O0S 
Deh. LOO .007 .009 .021 
Shd/ .006 .006 (O11 .023 

ahs) .060 .160 1.44 1.46 
4.8 005 .008 .016 .029 
1.4 044 .029 459 .532 

6 .640 .320 1.08 2.04 
4 484 .340 .680 1.504 
8 .888 .328 .700 1.916 
4 869 .069 soy | 1.459 
s1y/ .028 .005 021 .054 
6 .278 <0 05 .074 sSiey 
8 ses ils} .007 .097 417 
6 .618 <005 046 .214 
4.9 .031 .006 A0)4 is) 1052 
ho .070 <.005 .021 .091 


1A gricultural Research Service mimeographed report PCY-65-14, 1965. (On file with Entomology 


Research Div., ARS, Yakima, Wash.) 
2Control streams. 
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were up to the acute lethal range. The ulti- 
mate physiological results of these sublethal 
levels cannot be predicted from any informa- 
tion gathered in these studies. 


Wild fish had nearly the same trend in 
residue levels. There was a sharp rise from 
prespray to postspray levels for all six creeks 
sampled in the project area. In three of five 
streams the increase continued from July to 
October. Prespray and July samples were not 
taken in Panther Creek, the North Fork of 
Salmon River, nor the Salmon River. October 
residue levels for the North Fork and main 
Salmon samples were comparable to other 
samples, whereas the Panther Creek sample 
was higher than at any other sampling loca- 
tion. Similar reasoning may be applied for 
wild fish results on Panther Creek as has been 
indicated for live-box fish, i.e., that no other 
measurement in this monitoring program in- 
dicated exposures which could have produced 
these accumulated levels. Exposure must have 
been lingering or persistent for levels to have 
continued to increase at three stations for 
3 months after the project. 


Residue levels for the viscera in those 
instances where it was drawn and made a 
separate sample are presented in table 17. 


Comparing residue levels of viscera with 
residue levels of corresponding body samples 
(table 14) there appears to be no constant 
difference. Residue levels in viscera are some- 
times slightly less than and sometimes slightly 
more than those in the body. June and July 
figures in table 14 are of body without viscera. 
Had the viscera been included, the results 
would not have changed significantly. 


As a part of the analyses of fish made for 
this project, extracts were made of crude 
lipids. (Lipids are any of a group of substances 
comprising fats and other esters that possess 
similar properties.) The precent of lipids re- 
ported does not represent all the lipids pre- 
sent in the sample. The percent of lipids re- 
ported represents a uniform portion of the 
total lipid content of the tissue and as such 
can be used as a basis of comparison between 
samples of the same types of tissues from the 
same species. 


Table 16. Average DDT residue levels in fish (parts per million) 








Wild fish: Prespray Postspray 
June July August October 
Project streams — Average ba): 7, .875 1.037 
Low-high .020 - .410 476 - 1.104 .272 - 2.08 
Controls — Average .019 077 
Low-high (O15 022 .058- .158 
ee 
Live-box rainbow: Prespray Postspray 
July August October 
Project streams — Average ALES) 1.608 1.687 .328 
Low-high .054 - .234 .369 - 2.52 1.459 - 1.916 2A ANZ 
Controls — Average .054 cones 091 
Low-high .052 - .055 (one sample) (one sample) 


ee 


Figure 28. Total DDT residues found in wild fish in parts per million. 
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Information on extractable lipids is pre- 
sented in table 18, The significance of these 
lipid levels to fish physiology is not within 
the scope of this project. Patterns of trend 
in levels might be and hence, are presented 
here. Lipid contents decreased from June to 
July in all samples of live-box fish except the 
chinook salmon held at the control station. 
The reverse is true for all wild fish sampled 
except from Squaw Creek and Dahlonega 
Creek, which showed only negligible decreases. 
Increases continued for all wild fish samples 
from the project area for the October sampling. 
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Differences in live-box held fish and wild 
fish could be expected because of the differ- 
ences in feeding — live-box fish being at least 
partially isolated from normal food availability 
by the artificial habitat whereas wild fish 
could make use of the summer insect hatch 
and production. 

Information from table 18 should be com- 
pared to information in tables 10 and 12. 
Rainbow at all three live-box stations oper- 
ated by the Forest Service show a lipid con- 
tent of 1.6 percent or more in the July post- 
spray period which was the end of the testing 


~ 


Table 17. DDT residue levels (in parts per million) of viscera of wild fish’ 





Sample Sample Date 

number? Location type (1964) 
57a Colson Cr. Rainbow 6-25 
58a “ a“ au" 7327 
60a Dahlonega Cr. fl 6-18 
éla a“ “ut ut any 
62a He “Dolly varden 7-27 
72a Indian Cr. Rainbow 6-23 
73a a“ a“ “ TONG 
76a Musgrove Cr. 4 6-25 
77a au “ul a“ Tha Mh 
89a Spring Cr. H 6-23 
90a ul ut ut 7-27 
92a Squaw Cr. Hs 6-23 
93a ul ut a“ 722. 


Percent 


lipid 
1.4 
2.4 


3.1 
4.2 
3.2 


3.3 
3.8 


2.1 
5.3 


2.4 
3.5 


3.3 
3.7, 


DDE 


07) 
.276 


.040 
.200 
.360 


.080 
.400 


.048 
2176 


.028 
.244 


.200 
.630 


o,p’-DDT 
and 
TDE p,p’-DDT 
<.005 005 
.060 .160 
<.005 .010 
.140 1.20 
<.005 .240 
.009 AON ee) 
.096 .520 
.017 <.005 
‘O72 .384 
<.005 005 
all tees 316 
.024 .041 
146 .600 


Total 
DDT 


.026 
496 


.050 
.540 
.600 


— 


.104 
.016 


.065 
.632 


.033 
.675 


.265 
1.376 


_— 


1Agricultural Research Service mimeographed report PCY-65-14, 1965. (On file with Entomology Re- 


search Div., ARS, Yakima, Wash.) 


2The letter a designates the corresponding sample number as shown in table 14. 


period. Those from the Idaho Fish and Game 
Department live-box in Panther Creek had 
0.6 percent from the July 21 samples and 0.4 
percent for the July 27 samples. Fish taken 
on the earlier date were of the beginning of 
the heavy losses which occurred in that live- 
box. Those sampled in August still had less 
than 1 percent lipid content. The Indian 
Creek prespray sample contained 5.7 percent 
lipid content, but when the fish mortality 
started to occur on October 1, lipid contents 
were below 1 percent. The prespray control 
sample from Geertson Creek also contained 
a high lipid content. By October 14, the con- 
tents had not dropped to below 1 percent 
and small losses were just starting to occur. 
There are a number of questions regarding 
lipid content which may be asked but not 
answered in this study: 
1. Is there a threshold of survival relative 
to lipid content? 
_—— eee 
Figure 29. Total DDT residues found in rain- 
bow trout and chinook salmon from Forest 
Service live-box studies. 
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2. Does DDT exposure affect this thres- building up lipid content or loosing it? 


hold? 5. If either one of the last is true over the 
3. Are fish more susceptible to DDT when other, then do fish in live-box testing 

lipid contents are low, for instance be- where they lose lipid contents have the 

low 1 percent? same DDT susceptibility of wild fish 
4. Are fish more susceptible to DDT when which are gaining in lipid content? 


Table 18. Extractable crude lipids of fish sampled for DDT residues* 





Percent extractable lipids 











Sample July August October 
Location type Prespray postspray postspray postspray 
Live-box fish: 
Forest Service: 
Haynes. Cris’ ccteteet oe Rainbow soya 1.9 
Panthers:Crs =e ee Rainbow Dee 1.6 
No. Fork Salmon ...........----- Rainbow 6): Phe 
Averageh=..22....<.25 Rainbow 3.50 1.93 
Haynes. Cr. ee Chinook 4.2 5.1 
PanthersC re 4. ene Chinook 3.7 3.5 
No. Fork Salmon ..............-- Chinook 4.8 1.4 
Average ................---- Chinook 4,23 3.33 
Idaho Fish and Game Department: 
Panther.Cr @. = Rainbow 6 & 4 8&5 
IndiancGr 2 Rainbow 5) .7/ 6 & 8 
Geertsons Criceee ee Rainbow 4.9 the? 
Averdg@s. st 4--5- Rainbow 5.30 .50 .65 .87 
Wild fish: 
Forest Service: 
ColsongCr! -2e eee ee Rainbow 0.7 1.5 5.1 
Dahlonega Cr. ............----.. Rainbow 1.4 1.3 = PI 
IndiansCGhts eee eee Rainbow 2.3 3.0 3.5 
Musgrove Cr. ........-.:.-<----- Rainbow 1.6 2.9 4.2 
Springs Cre 225 ee te eee Rainbow 1.3 ee) 40 
SqUCWsCrig ns fPe ee ee Rainbow 2.4 2.3 
Panther (Napias) ............-- 1.2 
Lower No. Fork 1...-20-.2.-- Rainbow ey 
Rainbow 8.0 
Mainwodl monn sees 1.6 
lemhin Rive isa ees Rainbow 4.6 2.7 
FemhinRive toes Chinook 4.9 6.9 
Average 1. Rainbow 1.62 ES) 3.64 





1 Agricultural Research Service mimeographed report PCY-65-14, 1965. (On file with Entomology 
Research Div., ARS, Yakima, Wash.) 
2Control streams. 


Aquatic Vegetation 


The following quote is from Jensen and 
Gaufin (1964b): 


Many insecticides are concentrated in 
aquatic plants to many times their original 
application levels. Hoffman and Drooz 
(1953) reported that chemical analyses of 
moss collected from a small stream 1 month 
after an aerial application of DDT revealed 
concentrations of 0, 44, 110, and 128 ppm 
of DDT in the moss at distances of 1, 2, 3, 
and 6 miles below the source of the stream. 


It appeared that DDT particles accumu- 
lated on stream plants in considerable 
amounts downstream, coinciding with in- 
sect mortality which also increased from 
the source to the mouth of the stream. 


To examine prespray DDT residue levels 
and increases that might occur following the 
spraying program, prespray and postspray 
(October) samples of aquatic vegetation were 
collected from 10 sites (fig. 24). Emphasis 
was given to collecting samples from streams 
important as salmon and steelhead spawning 
and rearing grounds. Both emergent (Carex 
spp., Equisetum spp. and mosses) and sub- 
merged type (slime algae) aquatic vegetation 
were collected. 

Samples were put in plastic bags, labeled, 
frozen, and shipped to the Agricultural Re- 
search Service Laboratory for analysis. 

Extraction and cleanup procedures were as 


follows:' (Analysis was the same as described 
for fish.) 


Extraction 

A weighed portion of the sample was blend- 
ed 3 minutes with chloroform at the ratio 
of 2 ml. of chloroform to 1 gram of sample. 
Anhydrous sodium sulfate was added and 
the sample was filtered through a cotton 
plug containing anhydrous sodium sulfate. 


Cleanup 


An aliquot of the sample was evaporated 


1Agricultural Research Service mimeographed 
report PCY-65-14, 1965. (On file with Entomology 
Research Div., ARS, Yakima, Wash.) 
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with air in a warm water bath to approxi- 
mately 25 ml. One and one-half grams of a 
mixture of Attaclay: magnesium oxide and 
Nuchar C-190-N (4:3:14) was added and 
the sample shaken for 1 minute and filtered 
through a cotton plug overlaid with anhy- 
drous sodium sulfate, with the flask and 
filter being washed twice with chloroform. 
The filtrate was then evaporated to dryness 
in a warm water bath using a gentle stream 
of air. The sides of the flask were washed 
down with chloroform and the evaporation 
was repeated. The sides of the flask were 
then rinsed with distilled n-hexane and the 
evaporation repeated. The residue was then 
taken up in a definite volume of distilled 
n-hexane. 

There was not a surplus of aquatic vegeta- 

tion to use for determining recovery rates. 


Table 19 shows results of analyses for DDT 
residues in the aquatic vegetation. Data are 
divided according to the two types of vegeta- 
tion. Of interest is the fact that of prespray 
samples one of the three emergent samples 
and four of the 10 submergent samples had 
measurable amounts of DDT. Every postspray 


Figure 30. Samples of both submergent and 
emergent aquatic vegetation were collected 
before and after spraying to analyze for DDT 
residues. 





Table 19. DDT content of aquatic vegetation’ 





Residues in parts per million’ 





Sample Date o,p'-DDT Total 
number Stream (1964) DDE and TDE p,p’-DDT DDT 





Submergent vegetation: 


121 Boulder 7-5 <,005 <.005 .034 .034 
122 Boulder 10-22 .009 .027 .107 .143 
123 Colson 6-25 <3:005 <.005 =.005 <.005 
126 Dahlonega 6-19 <.005 <.005 <.005 <.005 
127 Dahlonega 10-20 .020 .040 .090 .150 
132 Indian 6-23 <.005 <.005 <.005 <.005 
133 Indian 6-23 <.005 =—4,005 .005 .005 
135 Indian 10-20 .008 .013 .044 .065 
140 Moose 6-18 <.005 .007 .014 .021 
141 Moose 10-24 .022 .040 .324 .386 
142 Musgrove 6-25 <..005 =.005 .007 .007 
143 Musgrove 6-25 <.005 <.005 aa 005 <.005 
144 Musgrove 10-19 <.005 .008 .046 .054 
138 No. Fork Salmon 10-20 <.005 <.005 OZ COW 
150 Spring 6-23 <.005 <.005 <-005 <.005 
151 Spring 10-20 <.005 .008 .014 .022 
TOS Wagonhammer 6-26 <.005 <.005 <.005 <.005 
154 Wagonhammer 10-24 <.005 <.005 .040 .040 
137 Lemhi® 7-19 <.005 <.005 .007 .007 
136 Lemhi 10-20 <a 005 <.005 <.005 <.005 


Emergent vegetation: 


124 Colson 6-25 .005 <.005 <.005 .005 
125 Dahlonega 6-19 <.005 <.005 <.005 <.005 
134 Indian 6-23 <.005 =7.005 <.005 <.005 
139 Main Salmon 10-29 .009 .010 .031 .050 
136 Lemhi?® 10-20 <.005 <.005 <.005 <.005 
Averages: Total DDT 
Prespray Postspray 
Submergent: Project streams .007 .109 
Control streams .007* <.005* 
Emergent: Project streams .002 .050* 
Control streams — <,005* 


nn nn nn nc nn nnn nn nn nnn nnn nnn SSS 
1Agricultural Research Service mimeographed report PCY-65-14, 1965. l i < 
search Div., ARS, Yakima, Wash.) ok S Ur ee Ee eae 
2.005 ppm — lower limit of sensitivity of method used. 
3Control stream. 
4Only one sample. 


sample contained DDT, evidencing that aqua- 
tic vegetation does hold DDT although the 
levels found were quite low. Recognizing that 
the postspray samples were taken 3 months 
after the spray project, the low levels found 
do not seem to indicate any particularly strong 
affinity whereby aquatic vegetation gathered 
and held DDT residues. 


DISCUSSION 


Conditions of terrain and weather, size 
and duration of this project, as well as the 
intricate network of streams requiring pro- 
tection, exacted a strenuous test of the pro- 
tection program — a program designed to 
minimize impacts on an aquatic environment 
and yet allow maximum treatment of the 
spruce budworm. 


Evaluations indicated that under conditions 
existing at this project, helicopters, with ex- 
perienced pilots, can maintain satisfactory 
control of the spray material used. A mini- 
mum of 400 feet must be left between the 
prism of planned spray application and the 
protection objective, however. This is a min- 
imum distance and does not allow room for 
deviations from spray control specifications. 


Planes of the TBM class or larger require 
a greater margin of protection. Of those spray 
planes used, the TBM class was most effec- 
tive in maintaining application control but 
required a minimum of 1,400 feet between 
the application prism and the stream. Again, 
this is a minimum distance and does not allow 
for errors. 


Multi-engine planes did not have adequate 
control of spray materials to provide the re- 
quired protection from DDT drift when at- 
tempting to observe a 1,400 foot protection 
zone. The minimum width of protection zone 
needed for consistent protection was not de- 
termined for the multi-engine planes. 


The indicated protection widths are only 
adequate so long as constant care and sur- 
veillance are maintained. Differences of a few 
hundred feet in what constitutes protection 
zone widths mean very little if laxity occurs 
anytime during the operations. Other protec- 
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tive measures must also receive strict compli- 
ance. Weather conditions which might affect 
spray distribution are so critical that local- 
ized situations occur which are not detected 
in the general weather observation and fore- 
casting program. Such difficulties were ex- 
perienced on this project. This was especially 
true because of the steep terrain and the 
sharp variations in exposure and ground cover 
existent in the project area. 


All protection phases of a spray program 
must be constantly observed during the en- 
tire course of any application project. Pres- 
sures on operational and contract personnel 
establish the principal objective as job com- 
pletion with satisfactory target insect control. 


Protection objectives are easily slighted. 


Evaluation of possible spraying impacts on 
the aquatic environment was designed to 
measure spray materials which might con- 
taminate the streams, the impact on the 
stream fauna and flora, and immediate im- 
pacts on fish. 


Problems of determining the occurrence, in- 
tensity, and duration of contaminants in free- 
flowing streams by sampling procedures are 
still not satisfactorily resolved. Dip samples 
are too much hit or miss. A technique of draw- 
ing off continuous samples of water by the use 
of a burette system was demonstrated on this 
project. Results showed traces of DDT in the 
water a number of times when not detected 
by dip sampling. 


No water sampling indicated significant 
amounts of spray materials in the project 
streams. Only occasional extremely minute 
amounts were found. The system of water 
sampling used on this project did not divulge 
contamination which was not detected more 
thoroughly or definitely by some other mon- 
itoring procedure. Only on occasions did water 
sample results verify other findings. 


Stream insect fauna provides the principle 
source of food for fish and is, therefore, of 
primary concern as the basis for fish produc- 
tion. This fauna is also extremely sensitive 
and demonstrates acute reactions to contam- 
inants within its environment. Evaluations of 


this aquatic life provided the best guide as to 
what effect spraying was having on the 
streams. 


Fisheries personnel using the criterion of 
drifting aquatic insects to indicate acute im- 
pacts on streams were the first to recognize 
inherent weaknesses of the technique. It re- 
mains the consensus of fisheries personnel, 
however, that no other technique has yet been 
demonstrated as a satisfactory substitute for 
this type of evaluation. Supplemental infor- 
mation could be gathered to make results de- 
rived from this technique more meaningful: 


1. More intensive studies as to the mean- 
ing of drifting aquatic insects are need- 
ed. It is not certain that all drifting 
aquatic insects should be considered as 
inevitably dead. This question exists 
whether it is DDT or any other stim- 
ulus in the water. If some drifting in- 
sects remain alive, how many, and can 
a correction factor then be applied to 
the drift sampling results? 

2. Reasons for changes which might occur 
in insect populations during and after a 
treatment project cannot be positively 
identified without knowledge of normal 
seasonal fluctuations. 

3. If any or all drifting aquatic insects are 
losses from the stream bottom popula- 
tion, what does it mean to the food 
source for fish production? Will the 
losses actually impose a limiting factor 
in the maintainance of an otherwise 
normal fisheries resource? 


Sampling stream bottom fauna still can 
provide much of the basic information needed 
as to the impact of spraying on the fish food 
production. There were wide variations be- 
tween streams in the prespray bottom sam- 
ples, in the postspray samples, and in the 
type of changes which took place. Cyclic 
fluctuations in numbers, volume, and compo- 
sition of bottom fauna are normal in a stream. 
Refinement of the bottom sampling tech- 
nique used on this project would be necessary 
in another project to stratify as many of the 
normal variables as possible. Impacts from 
an insecticide treatment could then be more 
accurately identified. 
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Differences in stream ecotypes results in 
differences in the production of bottom fauna. 
Without complete stratification of all mea- 
surable variables it is unreliable to make a 
broad spectrum comparison between any 
stream in a treatment area and a control 
stream. It would be much better to predeter- 
mine the normal fluctuations occurring in the 
treatment stream for use as a comparison 
after spraying. The determination should be 
made at least one comparable season before 
treatment. 


Bottom sampling indicated no instance of 
complete bottom fauna annihilation. In fact, 
there was a sharp reduction in bottom insect 
numbers at only one station, the Upper North 
Fork. At that station, there was no marked 
recuperation within 3 months following 
spraying. This individual situation correlated 
closely with some of the heaviest drifting in- 
sect numbers and with one of three series of 
water samples containing measurable amounts 
of DDT. Many stations had significant in- 
creases in total numbers of insects within 
3 months after spraying. This indicated 
excellent recruitment although species com- 
position may have been altered from the norm 
for an untreated population. 


If aquatic vegetation does absorb DDT and 
keeps it longer, it did not show up strongly 
on this project. Sampling did indicate that 
residues were picked up by the vegetation. 
But either vegetation does not have a strong 
affinity or the amounts of DDT in the water 
were too minute for abnormal accumulations. 


Live-box testing of fish pointed up some 
interesting observations, although none dis- 
closed acute toxicity directly attributable to 
DDT contamination. It is almost impossible 
to obtain fish, either hatchery reared or wild, 
which do not have detectable levels of DDT in 
their body tissue before being introduced as 
test subjects. In spite of precautions used and 
the fact that detection techniques indicated 
only occasional small amounts of spray ma- 
terials had entered streams, there was an in- 
crease of residue levels between pre- and post- 
spray periods in all fish sampled within the 
project area. This occurred in all but one 
control sample. Thus, DDT did get into the 


streams and into fish by subtle means which 
were not detectable by the monitoring mea- 
sures. 


The highest residue level found in any fish 
within the regular project area was 2.52 ppm 
and only three samples had more than 2.0 
ppm. No interpretations can be made as to 
what these levels mean except that they ap- 
pear to be sublethal as to acute toxicity levels. 


An observation pertaining to the physi- 
ological welfare of fish resulted from the fish 
analysis and deserves further exploration. All 
or most DDT residues are found in the lipid 
contents of fish flesh. A crude lipid extraction 
was made of all samples analyzed. Wild fish 
registered relatively low lipid contents at the 
beginning of the summer season. Sampling 
indicated an increase through the summer, 
however. Conversely, hatchery reared fish 
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registered the highest lpid contents when 
taken from the hatchery and lost lipids as 
they were held in live-boxes. The question 
arises as to the DDT tolerances and absorp- 
tion rates which might result from these two 
physiological conditions. 

Monitoring of this project was intended to 
partially measure resultant levels of DDT re- 
sidues and to help minimize the impacts which 
spraying might have on the aquatic ecosys- 
tem. To this goal, the monitoring was success- 
ful. Total elimination of impact on stream 
environs seems impossible for any DDT pro- 
ject which is effective in controlling the target 
insect. Administrative decision to use DDT 
in other projects of this type should rely on 
results of research which identifies what sub- 
lethal levels of residues mean to fish, fish 
productivity, and fish habitat. 


TERRESTRIAL MONITORING 


Several species of big game and birds are 
hunted within the Salmon National Forest. 


Hunting is important to the autumn economy 
of Salmon and smaller communities within or 
near the Forest. This resource warrants at- 
tention and evaluation for possible impacts 
which might influence wildlife populations, 
hunting, economies resulting from hunting, 
or the general well-being of bird and mammal 
species. 

Experiences elsewhere in aerial spray ap- 
plications of DDT at rates used in this pro- 
ject show no acute losses of birds or mammals. 


Possible long-range implications from suble- 
thal exposures to pesticides are of increasing 
concern to wildlife conservationists and man- 
agers. Potential hazards to human health for 
those who depend on wild game for much of 
their protein diet are of concern to the users 
and to wildlife managers. 


Toxicogenic effects of DDT and DDT met- 
abolites on birds and animals are not well 
known. Investigation in this area requires re- 
search techniques which cannot be applied 
under field conditions. Related studies are 
being carried on under controlled conditions 
at various research locations. When results 
are obtained, they may be used to interpret 
some field observations. 

Project monitoring did not delve into re- 
search of long-range physiological effects 
from sublethal exposures to pesticides on 
birds or big game. Monitoring was designed 
primarily to survey resultant levels of DDT 
residues in the fatty tissues and flesh of birds 
and animals. It did not attempt to evaluate 
intricate ecological changes resulting from 
the spruce budworm infestation or from pro- 
grams to control the infestation. 


BIG GAME 
Collections 


Mule deer (Odocoileus hemionus) and elk 
(Cervus canadensis) were the primary forest 
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big-game species subjected to exposure and 
were thus scheduled for sampling. Mountain 
sheep (Ovis canadensis), which spend much of 
their time in timber types, were programmed 
for sampling, but without success. Mountain 
goats (Oreamnos americanus) frequent the 
alpine and subalpine zones in the upper por- 
tions or above forest types. This species was 
selected for sampling to explore the possi- 
bility that volatile materials from aerial spray- 
ing might drift upward and be deposited at 
higher elevations. 

For comparative purposes, big-game animals 
of these game species were sampled in other 
areas. Information from previous sampling in 
Idaho and from sampling in other sprayed 
and nonsprayed areas has also been sum- 
marized for comparison purposes. 


Because DDT is long-lived, residues in 
aerial portions of vegetation may be expected 
to persist and be a source of exposure to for- 
aging animals. In fact, the residues may per- 
sist a year or more on aerial portions of peren- 
nial vegetation, thus providing exposure 
sources to animals using it in future years. 


This source of exposure could be available to 
animals born in years subsequent to spraying. 
Residues may be transmitted to the young of 
animals through the mother’s milk. Also, it 
is possible for residues to be transmitted from 
mother to young during fetal development. 


To explore some effects of these delayed 
exposures, adipose tissue samples will be 
taken from mule deer shot during the hunting 
seasons of 1965 and 1966. Special efforts will 
be made to sample fawns and yearlings for 
each of these years. 


DDT is oil or fat soluble and is stored 
primarily in the lipids of tissues. The adipose 
or fatty tissues were, therefore, sampled to 
evaluate accumulated residue levels. Samples 
of liver, kidney, thyroid, and adrenal tissues 
from some of the mule deer also were taken 
for analyzing. Residues found in these tissues 
can be expected to be contained primarily in 
the lipid contents. 


Residue analysis results are normally re- 
ported as parts per million of total sample 


This can be done by the formula: 


tissue weight. Such analyses do not reflect Residue level Residue 100 
total body DDT content and cannot even be ours se tes sh ik 
by . . . e 
directly compared to similar tissue analyses Se eee te SrrAS 
lipids lipids 


either from the same organism or from other 
organisms. 


No tissues contain 100 percent lipids. There 
are also different types of lipids which can 
tie up different amounts or different metabo- 
lites of DDT in different ways. Variation in 
the qualitative composition of lipids between 
species may be so great that a comparison of 
extractable lipid amounts and DDT residue 
amounts between species cannot legitimately 
be made. Similarities of the qualitative com- 
position might be expected between lipids of 
different animals of the same species. 

Assuming that all DDT residues are tied 
up in the lipid contents, a comparison of DDT 
residues within a species seems legitimate 
provided the results are standardized to lipid 
content base rather than tissue content. 


A tissue with 100 ppm DDT content and 
50 percent extractable lipids has the same 
lipid residue level as a tissue having 10 ppm 
DDT content and only 5 percent extractable 
lipids. 

A list of big game collections planned and 
made appears in table 20. Individual animals 
taken are listed in table 21 and locations 
where exposed animals were taken are indi- 
cated in figure 31. 


Five mule deer were killed as controls with- 
in the Panther Creek drainage prior to spray 
operations. Nine were taken from the same 
general locale approximately 1 month after 
the spray project. These 14 animals were 
shot so that a number of tissues could be 
sampled for analyses. Capture of additional 


Table 20. Species, numbers, and purposes of big-game animals sampled for DDT residue 





analyses 
pl lect 
Nombodot Samples collected 
peci Dat 1964)? 
Species Area Purpose aca Nowbae ates ( 
taken From To Sample numbers 
Mule deer Panther Creek Controls S) fs) 6-23 6-30 15? 
Mule deer Panther Creek 1 mo. postspray 10 9 8-20 8-23 6-14? 
Mule deer Projectarea 3 mos. postspray 20 16 9-27 = 10-31 15-18, 32, 
37-46, 51 
Mule deer Boise & Elmore 
Counties Controls 20 28 10-10 12-12 IN, 7 2, 74-99 
Mule deer Project area 15 mos. postspray 20 
Mule deer Project area 27 mos. postspray 20 
Elk Projectarea 3 mos. postspray 10 13 9-26 11-5 3 1933-36; 
47-50, 53, 
Soe lla 0 
Elk Payette River Controls 10 2 11-13 TAO oi) 
Mt. goat Horse Creek 3 mos. postspray 6 5 8-31 9-6 57-61 
Mt. goat Pahsimeroi Controls 10 10 11-28 12-5 19, 20, 22-29 
Mt. sheep Project area 3 mos. postspray 5 0 


Nee nn 


1Two date exceptions are the 15 and 27 months postspray mule deer which are 1965 and 1966 respectively. 
2Rumen samples and samples of liver, kidney, adrenal, and thyroid tissues taken from animals num- 
bered 2 through 10. Adipose tissue samples taken from these animals and all others listed in this table. 
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Table 21. Big-game animals sampled for residue analyses 


Sample 
number 


10 


11 
2 


13 
14 


15 
16 
17 
18 
31 
32 
30 
34 
35 
36 
Pf 
38 
39 
40 
4] 
42 


Species! 


Deer 


Deer 
Deer 
Deer 


Deer 


Deer 


Deer 
Deer 


Deer 


Deer 


Deer 
Deer 


Deer 
Deer 


Deer 
Deer 
Deer 
Deer 
Elk 
Deer 
Elk 
Elk 
Elk 
Elk 
Deer 
Deer 
Deer 
Deer 
Deer 
Deer 


Sex Age 


Date 
collected 
(1964) 


Location 


Prespray samples from spray area 


5% 


4 
10+ 
6+ 


aig eS Er or 


4 


6-23 
6-23 
6-24 
6-30 


6-30 


Musgrove Cr., approx. Y% mile above With- 
ington cabin 

VY, mile south from mouth of Cabin Cr. 

Mouth of Musgrove Cr. off Panther Cr. road 

3 miles up Meyers Cove road from mouth of 
Rams Cr. (on Silver Cr.) 


3 miles up Meyers Cove road from mouth of 
Rams Cr. 


One-month postspray samples from spray area 


6+ 


4 
1 


v3 
2 


1% 
AV, 


1% 
2% 


Se > Ss Se tise Ss 


8-20 


8-20 
8-20 


8-20 


8-21 


8-22 
8-22 


8-22 
8-23 


5 miles up Porphyry Cr. road from junction 
with Panther Cr. 


Same as No. 6 


South bank of Panther Cr., 500 yards up- 
stream from junction with Moyer Cr. 


1 mile up S. Fk. Fawn Cr. road from its junc- 
tion with Copper Cr. 


Upper Copper Cr., 1 mile from Copper-King 
mine on Deer Cr. road 


Near mouth of Porphyry Cr. on north ridge 


Ridge north of Copper Cr. along road to 
Fawn Cr. % mile south of sample 9 


Ridge north of Copper Cr. along road 
Moyer Cr., north ridge 


Hunting season samples collected from spray area 


Yearling 
Mature 
Mature 
Fawn 
Mature 
Yearling 
Mature 
Mature 
Mature 
Mature 
Yearling 
Mature 
Yearling 
Mature 
Mature 
Fawn 


pe Se ed oe 


9-27 
10-3 
10-3 
10-3 

9-26 

el, 

9-26 

9-26 

9-26 
10-17 
10-12 
10-11 
10-11 
10-12 
10-11 
10-25 


Red Rock Lookout—Panther Cr. 
Meyers Cove—Camas Cr. 
Panther Cr. 

Porphyry ridge—Panther Cr. 
Granite Mt.—N. Fk., Salmon 
Spruce Cr.—N. Fk., Salmon 
Blackbird Cr.—Panther Cr. 

Otter Cr.—Panther Cr. 

Moyer Cr.—Panther Cr. 

Indian Cr.—below N. Fk., Salmon 
Nez Perce Cr.—N. Fk., Salmon 
Nez Perce Cr.—N. Fk., Salmon 
Humbug Cr.—N. Fk., Salmon 
Sage Cr.—below N. Fk., Salmon 
Sheep Cr.—N. Fk., Salmon 
Boyle Cr.—above N. Fk., Salmon 


SSS 
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Table 21. 


Sample 
number 


43 
44 
45 
46 
47 
48 
49 
50 
on 
a3 
55 
57 
58 
Dy, 
60 
61 
iS 
116 


19 
20 
7g) 
23 
24 
2 
26 
VE 
28 
29 
70 
7) 

72 
73 
74 
Lee 
76 
77 
78 
79, 
80 
8] 
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(continued) 


Species! 


Deer 
Deer 
Deer 
Deer 

Elk 

Elk 

Elk 

Elk 

Deer 

Elk 

Elk 

Mt. goat 
Mt. goat 
Mt. goat 
Mt. goat 
Mt. goat 
Elk 

Elk 


Mt. goat 
Mt. goat 
Mt. goat 
Mt. goat 
Mt. goat 
Mt. goat 
Mt. goat 
Mt. goat 
Mt. goat 
Mt. goat 
Elk 

Deer 
Deer 

Elk 

Deer 
Deer 
Deer 
Deer 
Deer 
Deer 
Deer 
Deer 
Deer 


Sex 


cons) pal hg eo te Sad 


wes ul rie oe < 


Age 


Mature 
Mature 
Mature 
Mature 
Mature 
Mature 
Mature 
Mature 
Fawn 
Mature 
Yearling 
Mature 
Mature 
Mature 
Mature 
Mature 
Mature 
Yearling 


Date 
collected 
(1964) 


10-11 
10-17 
10-17 
10-18 
10-18 
11-5 
10-26 
10-28 
10-31 
10-29 
11-4 
8-3] 
8-31 
9-6 
9-5 
9-5 
11-5 
11-2 


Location 


Napias Cr.—Panther Cr. 

Brushy Gulch—below N. Fk., Salmon 
Sage Cr.—below N. Fk., Salmon 
Hughes Cr.—N. Fk., Salmon 

Bear Basin—below N. Fk., Salmon 
Sheep Cr.—N. Fk., Salmon 

Sheep Cr.—N. Fk., Salmon 

Sheep Cr.—N. Fk., Salmon 

Sheep Cr.—N. Fk., Salmon 

Sheep Cr.—N. Fk., Salmon 

Sheep Cr.—N. Fk., Salmon 

Skunk Camp—Horse Cr. 

Skunk Camp—Horse Cr. 

Skunk Camp—Horse Cr. 

Skunk Camp—Horse Cr. 

Skunk Camp—Horse Cr. 

Sheep Cr.—N. Fk., Salmon 

Stein Mt.—above N. Fk., Salmon 


Hunting season samples collected from contro! areas 


nm TT 


Bee F< < 


= 


“ii al Sa Es ES Ee Sa le rei 


Mature 
Mature 
Mature 
Mature 
Mature 
Mature 
Mature 
Mature 
Mature 
Mature 
Mature 
Mature 
Mature 
Mature 
Mature 


Fawn 

Mature 
Mature 
Mature 
Mature 
Mature 


11-28 
11-28 
11-28 
11-28 
11-28 
11-28 
11-28 
11-29 
12-4 

12-5 

11-13 
12-12 
12-12 
11-13 


10-18 
10-18 
10-17 
10-16 
10-17 
10-17 
10-17 
10-17 


85 


Falls Cr.—Pahsimeroi 
Morgan Cr.—Pahsimeroi 
Patterson Cr.—Pahsimeroi 
Morgan Cr.—Pahsimeroi 
Patterson Cr.—Pahsimeroi 
Patterson Cr.—Pahsimeroi 
Falls Cr.—Pahsimeroi 

Falls Cr.—Pahsimeroi 
Patterson Cr.—Pahsimeroi 
Big Cr.—Pahsimeroi 

Boise Co. Sec. 5, TION, RYE 
Boise Co. Sec. 10, TION, R9E 
Boise Co. Sec. 14, TIN, RYE 
Boise Co. Sec. 5, TION, RYE 
Boise Co. Sec. 3, T6N, RYE 
Boise Co. Sec. 20, T6N, R6E 
Boise Co. Sec. 20, T6N, R6E 
Boise Co. Sec. 20, T7N, R6E 
Boise Co. Sec. 35, T7N, R6E 
Boise Co. Sec. 6, T6N, R7E 
Boise Co. Sec. 29, TON, R4E 
Boise Co. Sec. 10, T5N, ROE 
Boise Co. Sec. 21, T5N, R6E 








Table 21. (continued) 
Date 
Sample Species! Sex Age collected Location 
number (1964) 
83 Deer M Mature Oct. Boise Co. Sec. 32, T5N, R7E 
84 Deer M Mature 10-13 Boise Co. Sec. 17, T7N, R4E 
85 Deer F Mature 10-13 Boise Co. Sec. 22, TON, R7E 
86 Deer F Mature 10-12 Boise Co. Sec. 4, TION, R8E 
87 Deer M Mature 10-13 Boise Co. Sec. 24, T7N, R4E 
88 Deer Mature 10-11 Boise Co. Sec. 27, T7N, R8E 
89 Deer M Mature 10-22 Elmore Co. Sec. 5, T5N, R8E 
90 Deer F Mature 10-10 Elmore Co. Sec. 10, T6N, R9E 
92 Deer F Mature 10-30 Elmore Co. Sec. 6, T3N, R4E 
93 Deer M Mature 10-30 Elmore Co. Sec. 6, T3N, R4E 
94 Deer M Mature 10-31 Elmore Co. Sec. 2, T3N, R6E 
95 Deer F Mature 10-31 Elmore Co. Sec. 2, T3N, R6E 
96 Deer M Fawn 10-31 Elmore Co. Sec. 7, T5N, RYE 
97 Deer M Mature 12-12 Boise Co. Sec. 30, TON, R5E 
98 Deer F Mature 12-12 Boise Co. Sec. 14, TON, RYE 
99 Deer F Mature 12-12 Boise Co. Sec. 10, TION, RYE 


1 All deer are mule deer. 


animals, using a tranquilizer gun was at- 
tempted. Biopsy samples of adipose tissue 
were to be taken. Then the animals were to 
be marked, belled, and released for prospective 
recapture and biopsy. Repeated biopsy of the 
same animal would have provided a sequence 
in residue levels in relation to exposure. This 
venture failed. 


Adipose Tissue Analyses 


A sample of adipose tissue was taken from 
each animal listed in table 21. Each sample 
was placed in a separate vial furnished by 
the Agricultural Research Service, frozen, and 
held until collection groups were completed. 
The samples were then shipped to the Agri- 
cultural Research Service Laboratory. An- 
alyses for both isomers of DDT, plus DDE 
and TDE were made. The results for samples 
1 through 14, (table 21), were given in an 


1 Agricultural Research Service mimeographed 
report PCY-64-17, 1964. (On file with Entomology 
Research Div., ARS, Yakima, Wash.) 


individual report. The following is a descrip- 
tion of procedures excerpted from that report. 


The samples were weighed when received 
in the laboratory, the weight recorded, the 
plastic vial sealed with masking tape and 
the samples frozen. The samples were kept 
frozen until just prior to analyses. 


Extraction and Cleanup Procedure 


Experimental work with some of the pub- 
lished procedures for the extraction of adi- 
pose tissues (beef fat), that had been for- 
tified with known amounts of insecticides, 
indicated that the procedures were not ade- 
quate for this study. The following pro- 
cedure was used after it was established 
that the adipose tissue samples could be 
essentially 100 percent extracted in this 
manner: 

1. The samples minced with a sharp 

knife. 
—_———————— PS 
Figure 31. Numbers designate the collection 
sites of exposed big game animals. 


* 


a 
4 
a 
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2. Weigh out a 5-gram aliquot (take all 
of sample if original weight was less 
than 5 grams). 

3. Blend for 2 minutes in a high speed 
Vitris blender using 100 ml. acetoni- 
trile and 50 ml. n-hexane. After blend- 
ing, 100 ml. acetonitrile was added. 

4. Place blending jar and contents in 55° 
C. water bath for 2 hours. Stir con- 
tinuously (n-hexane will be lost from 
sample during this time). 

5. Filter through small cotton plug into 
separatory funnel. Rinse flask, plug, 
and funnel with 75 ml. n-hexane. 


6. Shake sample with 200 ml. of distilled 
water and 50 ml. of saturated sodium 
sulfate. 


7. Draw off water phase to second separ- 
atory funnel, wash with 50 ml. n-hex- 
ane and discard water phase. 


8. Add 100 ml. of water to first separa- 
tory funnel, wash, transfer water phase 
to second funnel, wash, and discard 
water phase. 

9. Combine n-hexane extracts and wash 
twice with 10 ml. of 2:1 concentrated; 
fuming sulfuric acid. Drain acid into 
second funnel, wash once with 50 ml. 
n-hexane and discard acid. 


10. Combine n-hexane extracts and wash 
three times with distilled water, discard 
water phase and dry n-hexane phase 
with sodium sulfate. 

11. Filter and evaporate to dryness and 
pick up in 1 ml. n-hexane. 


Analytical Procedure 


Gas chromatography using electron capture 
detection. (Research Specialties Model 
600-B using Sr90). 


Recovery 


No tissue samples were avilable that were 
known to be insecticide-free. Where the 
original sample weight was large enough and 
analysis of a portion of the sample indicated 
a low level of residue, an additional aliquot 
was fortified with known amounts of each 


insecticide and the percentage recovery de- 
termined. When the sample was fortified 
at the 0.01 ppm level, the recovery was as 
follows: DDT-53%, TDE-103%, o,p'-DDT 
79% and p,p'-DDT 106%. The values re- 
ported have not been corrected for recovery 
values. 


Comments 


The percent of lipids (fats) extracted by 
the procedure used was determined for each 
sample and are reported. It is not intended 
that the percent of lipid reported represents 
all of the lipid present in the sample. It ts 
intended that the percent of lipid reported 
represents a uniform portion of the total 
lipid content of the adipose tissue and as 
such can be used as a basis of comparison 
between samples. 


An attempt was made to analyze a por- 
tion of the extract by a _ colorimetric 
method of analysis to confirm the values 
found by gas chromatography. Due to insuf- 
ficient cleanup of the extract, the values 
found by colorimetric analysis were not 
reliable. Additional portions of adipose 
tissue have been obtained from samples 6, 
7, 10, 12, and 14 and further attempts will 
be made to analyze these by means other 
than gas chromatography. The results of 
this portion of the study will be reported 
as an addendum to this report. 


The presence of DDE and TDE, in the 
fat of man and animals, has been dem- 
onstrated by others. Barber and Morrison! 
recently demonstrated that TDE may pos- 
sibly be a product of post mortem decom- 
position and may not occur in live tissues. 
The low levels of TDE reported may pos- 
sibly be explained by the work of Barber 
and Morrison. The levels of DDE found in 
the post spray tissues may be explained by 
the fairly high levels of p,p'’-DDT found in 
the tissue. The DDE that was found in the 
tissues was p,p’-DDE. 


Detailed findings for the 14 animals are 


given in table 22. 


1Barker, P. S. and Morrison, F. O., 1964. Break- 
down of DDT to DDD in mouse tissue. Can. J. Zoo. 
42(2): 324-325. 


Table 22. DDT and DDT metabolite residues in adipose tissues of prespray and 1-month 
postspray deer’ 


Sample Reese Parts per million on adipose tissue basis Total DDT 
number?” lipids DDE TDE o,p'-DDT p,p’-DDT Total aninan 
1 59.2 <.010 <.010 <.010 012 fo) 7 .020 
2 44.2 <.010 =<<0i10 <.010 .010 .010 023 
3 13.7 <.010 .010 <.010 023 KOR 24] 
4 61.4 <.010 <.010 <.010 .010 .010 .016 
5 52.4 <.010 = .010 <.010 .010 .010 019 
6 72.6 36 04 .70 9.78 10.88 14.91 
7 63.8 1.70 <.010 ZF. 38.42 43.09 67.22 
8 63.4 1.48 <.010 2.98 16.18 20.64 32.40 
9 84.2 53 <.010 1.48 O09, 8.60 10.15 
10 61.5 85 <.010 4.04 14.00 18.89 30.60 
11 54.0 2.12 <.010 2.34 44.68 48.14 90.91 
12 iP ayPs Tee 7, <.010 2.34 1707, 21.48 28.35 
13 53.5 .80 <.010 1.54 6.17 8.51 15.83 
14 58.4 10 <.010 a2 9.16 9.38 16.04 


EEE ETTEEEII IEEE 


1Agricultural Research Service mimeographed report PCY-64-17, 1964. (On file with Entomology Re- 


search Div., ARS, Yakima, Wash.) 


2Numbers 1-5 were prespray. Numbers 6-14 were August postspray. 


An addendum was made to the above 
quoted report and read as follows: 


As indicated in our Report no. PCY-64- 
17, additional analysis was to be done on 
adipose tissue samples to confirm the pre- 
sence of DDT and DDT-metabolites. 


Through the cooperation of the Fish and 
Game Department, State of Idaho, addi- 
tional adipose tissues were obtained from 
five deer that were collected after the com- 
pletion of the spray program. 


Portions of these adipose tissues were 
analyzed by gas chromatographic tech- 
niques and by colorimetric procedures. After 
the samples had been extracted and cleaned 
up, to remove interfering materials, a small 
volume was analyzed by gas chromatogra- 
phy and the balance was analyzed colori- 
metrically. The following values were ob- 
tained: 
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Table 23. Check analyses results of some 
deer adipose tissues 





Parts per million of DDT 
plus DDT-metabolites 





Sample Percent 
number By gas By colori- extractable 
chroma- metric lipids’ 
tography procedure 
6 20.7 31.6 93.1 
7 D7na 66.4 92.3 
10 2.8 ? 90.9 
12 19.9 22.8 96.2 
14 19.6 22.8 88.1 


ee ee eee 

1The extraction procedure was changed from that 
reported in PCY-64-17. In the above analysis the 
tissue sample was heated in chloroform before ho- 
mogenizing thereby resulting in a higher efficiency 
of fat extraction. 

2The value found by the colorimetric procedure 
(0.4 ppm) was below the limit of accuracy of the 
analytical method as employed. The values obtained 
by the colorimetric procedure are 13 to 16 percent 
greater than the comparable gas chromatographic 
value. The values obtained by both procedures indi- 
cate that the adipose tissue samples contained high 
levels of DDT and its metabolites. 


Adipose tissue samples numbered 15 
through 99 were taken from animals harvested 
during the 1964 hunting season which ex- 
tended from the last of August to the end 
of November. They were collected in the 
field by Idaho Fish and Game Department 
personnel and shipped to the Agriculture Re- 
search Service Laboratory. Handling proced- 
ures at the laboratory were slightly different 
than for the first 14 samples. The following 
procedures were used.! 


Extraction and Cleanup Procedures 


Samples were removed from the freezer, cut 
into small cubes, and a representative por- 
tion removed for analysis. The sample was 
placed in a Vitris bowl, approximately 100 
ml. CHCl. added, and the mixture heated 
to just below the boiling point of CHCl,. 
The sample was then blended for 5 minutes, 
anhydrous sodium sulfate added, allowed 
to stand for approximately 5 minutes, and 
filtered through anhydrous sodium sulfate. 
Bowl and sulfate were rinsed with CHCL, 
to make a final volume of 200 ml. 

A 100 ml. portion was washed 3X - 10 ml. 
fuming (15%) sulfuric acid, 1X -20 ml. 
conc. sulfuric acid, washed with water until 
clear, a small amount of Celite 545 and 
sodium sulfate added and shaken for 1 min., 
and filtered through anhydrous sodium sul- 
fate. The flask and sulfate were rinsed with 
CHCl,. The filtrate was evaporated to dry- 
ness, rinsed with CHCl.,, evaporated, rinsed 
with n-hexane, evaporated, and made to 1 
ml. with n-hexane. 

Crude Lipid. A 5 ml. portion was removed 
from the 200 ml. volume and allowed to 
evaporate at room temperature in a tared 
beaker. The beaker was reweighed and the 
difference in weight used for determining 
the lipid content. Where there was an in- 
dication of CHCl, being trapped in the 
fat, the beakers were put in a 103° C. oven 
for 5 minutes, allowed to cool and the 
weight taken. 


1Agricultural Research Service mimeographed 
report PCY-65-16, 1965. (On file with Entomology 
Research Div., ARS, Yakima, Wash.) 
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Analytical Procedure 


Gas chromatography using electron capture 
detection. (Research Specialties Model 
600-B using Sr 90). The following condi- 
tions were observed: 


6 foot glass U-shaped, 
packed with acid washed 
Chromosorb W, 3 foot 
coated with 5% DC-200 
and 3 foot coated with 
10% QF 1-0065. 

210m G 

2307 G 

Nitrogen gas — inlet pres- 
sure about 50 psi. 


Column: 


Col. Temp: 
Det. Temp: 
Gas Pressure: 


Recovery 


Known amounts of DDE, TDE, o,p'-DDT 
and p,p’-DDT were added to samples to 
determine the efficiency of the extraction 
and cleanup methods. There were just a few 
control samples that had enough material 
to run a recovery and some of the spray 
samples that had enough material to run 
recovery and some of the spray samples that 
had enough material contained so much 
DDT that the amount added was not 
significant. The average recovery for 
DDT was 714% for deer, 127.5% 
for elk, 123.8% for goat. The average re- 
covery for TDE + o,p'-DDT was 76.38% 
for deer, 97.5% for elk and 87.9% for goat. 
The average recovery for p,p’-DDT was 
94.1% for deer, 128.2% for TDE + o,p’- 
DDT, and 101.7% for goat. TDE and 
o,p'-DDT could not be separated on this 
column. 


A tabulation of DDT and DDT metabolites 
in the 1964 hunting season big-game adipose 
tissues is presented in table 24. 

The average and range in residue levels of 
adipose tissue for all big game animals sampled 
are shown in table 25. 

During the hunting season of 1962, per- 
sonnel of the Idaho Fish and Game Depart- 
ment collected adipose tissue samples from 
98 deer, 43 elk, and 1 mountain goat at var- 
ious points throughout Idaho. Tissues were 
sent to the Agricultural Research Service 


Table 24. DDT and DDT metabolite residues in adipose tissues of big game taken during 
the 1964 hunting season’ 





Sample Lipid content Residues” (parts per million) Total DDT 
number (percent) DUEMEMMIDE pen SDI Mp p=DDT oma Total DDT. joie). 
Deer from project area: 
15 81.7 .66 B00 13.05 17.04 20.85 
16 89.7 2.61 7.86 118.18 128.65 143.42 
17 87.2 .03 Slt 46 .60 .69 
18 95.1 <ofe 1522 25.58 27.15 28.55 
32 89.3 2.00 .60 15.40 18.00 20.16 
37 77.6 ae 1.98 7.84 9.99 12.87 
38 87.3 .09 WME 3.51 4.37 5.00 
39 82.3 .29 1.00 8.60 9.89 12.02 
40 90.0 .60 Zaz 20.20 2o222 25.80 
4] 75.4 10 22 3.44 3.76 4.98 
42 73.3 .40 1.60 16.20 18.20 24.83 
43 92.1 yee .90 5.05 6.20 6.73 
44 80.4 .05 Pa: 2.96 3.23 4.02 
45 89.4 76 3.44 31.28 35.48 39.69 
46 81.5 .02 .05 .67 74 90 
51 74.0 <.01 24 3.04 3.29 4.46 
Elk from project area: 
31 7501 16.00 2.36 66.00 84.36 112.32 
33 80.3 .07 .38 3.65 4.10 5.11 
34 76.8 <0! .63 1.10 1.74 220 
35 90.8 1.00 1.98 14.10 17.08 18.83 
36 92.8 2.44 2Ag 26.80 31.66 34.13 
47 91.6 3:62 4,22 35.84 43.68 47.69 
48 80.3 <.01 .04 24 29 35 
49 73.6 ‘OS Ales le22 Leo 1.86 
50 78.3 .02 .04 .56 .62 .80 
53 72.8 <.01 .09 AS eye) 4 
55 99.9 15 78 9.20 Opts 10.14 
115 93.2 1.20 6.58 18.80 26.58 28.52 
116 80.0 <.01 3.60 12.20 15.81 19.75 
Mountain goat from project area: 
57 89.2 3.64 7220 28.40 39.30 44.06 
58 83.2 4.60 11.30 44.80 60.70 72.96 
59 81.4 1.88 8.49 33.96 44.33 54.46 
60 7 Be a) | 3.10 6.80 24.01 33.91 47.03 
61 82.2 4.88 9.68 33.24 47.80 57.76 
Deer from control areas: 
71 91.0 <.01 <.01 <.01 <.01 <.01 
Le 74,4 <.01 <.01 01 01 01 
74 96.0 .09 <.01 .08 17 SKA 
75 97.4 .03 <.01 .06 09 09 


ee ee Ge keene Ee ee 
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Table 24. (continued) 


Sample _ Lipid content Residues’ (parts per million) Total DDT 
number (percent) DDE TDELo.p’-DDT° ‘DDT (100 percent 

P P,P - Total DDT lipids) 
76 92.4 .04 <,0} .06 .10 11 
77 90.2 .01 <.01 .04 .05 .05 
78 94.0 01 <0 1 03 .04 .04 
79 94.7 01 <0) 02 .03 .03 
80 86.0 03 <0] 02 OD .06 
81 89.7 .03 <.01 .04 LOZ, .08 
82 84.5 .04 =O 04 .08 10 
83 O1aI .05 ert .03 .08 .09 
84 94.9 .06 <0 1 .07 olf oa I} 
85 86.5 .06 .02 14 19 22 
86 90.5 .03 <.01 <0. .03 .03 
87 86.2 she, <=.0) .04 14 les 
88 94.6 01 <0} 01 .02 4uy 
89 96.4 (02 <.01 .06 .08 .08 
90 90.2 02 <.01 .05 (O77 .08 
92 97.7 .02 <2011 .05 -O/, .07 
93 O7e2 << .01 .01 02 .03 .03 
94 95.3 01 <3 .0] .01 .02 .02 
95 93.3 .01 01 01 .02 .02 
96 90.2 .02 <.01 .03 .05 .05 
97 91.6 <<.0:1 <0] <.01 <.01 <.01 
98 74.4 AON seme) Jae 2D .34 
99 Tier 01 == 0)] 220 oe .28 

Elk from control area: 
70 72.1 <.01 <a04 03 03 .04 
73 73.5 <.01 <.01 .03 .03 .04 
Mountain goat from control areas: 

19 80.7 <.01 <.01 .05 105 .06 
20 72.0 01 01 .03 .05 .06 
22 81.0 01 01 107, 09 al 
23 79.6 .01 <.01 .04 .05 .06 
24 87.5 .01 <a0 1 <.01 01 01 
25 87.0 <.01 <<e0)4 01 .01 01 
26 70.6 <0) <=-0t .01 .01 01 
Zhi Too <.01 <ae0)1 <0) <0 <40) 
28 71.8 <.01 <—01 01 .01 01 
29 84.7 <a =<<.01 “02 .02 .02 


1Agricultural Research Service mimeographed report PCY-65-16, 1965. (On file with Entomology Re- 
search Div., ARS, Yakima, Wash.) 


2Based on adipose tissue samples as received and not corrected for the average recovery. The minimum 
sensitivity of the method as used is 0.01 ppm for all compounds. 


8TDE+0,p'DDT could not be separated by the analytical method employed and are calculated as one. 


92 


‘2Uu0 SD pajDjNI]DI aiD puD “pasn poyjau ay} <q payoindas aq jou pjnod Lqq-,d‘o pun 7Q.Lz 
‘Klan0IaL aFDLIAD aY] 1Of pajIal10I Uaaq JOU aaDY asay J; 


— errr ——— _ 


967L- 90° VV 02°09 - L6OEE O8' 77 - LO WZ O€ Ll - 08°9 88y - 88 l ¢ 68 alcZ 
9OSS O2'SV 88°CE 02°8 COC 918 IDO) g 
Geel Leto €: POV 8 GC; C0 9F SC; 85°9 - v0 00°F la lOe 6°66 - 8°72 
CL LS oe'sL i al 6Z lL 88° G€8 Ald el 
CV EV L- 69° S9'8ZL - O09 8L°8LL- 97 98°Z = SO Le a0 L'S6-€€Z 
9L? 9E°6L co Ll co cs” L'v8 19 9(] 91 


baip Apids wos} uospas Buyjuny 7O6| 


— oe 00 EE ——— ere er pe eee esoeneeenieneeeneneenesermeensenssesstiemmneesessesessemes 


Laer LO o 60g LOe LO 10e- LO Le LOe mee Os GAS? 07 
£0 €0° €0° Lo > Lo'> L°6Z 4DO¢) Ol 
vO" £0" €0° LO Lo > LicZ 114 c 
Voge eee LO Cel Oe SC Le COn wl Oe ei ei her LLOav VL 
ELOt 80° 50; 1o'> €0° f 06 199] Le 


SD9ID JO14UOD WOJ} UOSDaS BulyUNY 79S] 


ee SSSSSSSSSSSSFSFSFSSsSMMFsessF 
16°06- SL 0L VLSVe is'8 89° VV - L119 VOV AGL; yO: 0p CLC S08 Cay Bea Geee 
vOVE BL'LZ OLsl 90°C v00" cO'L OSs soo 6 


pain Anids woiy Apidsjsod jsnBay 


LLL a a aa a re 
Lvy2 - 910° €€0° - OLO’ €z70° - OLO” aie (Op aLOr = CLs Le 


€90° SLO €LO Lo > 700° Lo > COV Ae g 
pain Apids woiy Anidsaig 


Sa kG go Inn nn Sereno ee 


pa rial , dda rier e6rieny _1aa-,d'd laa-,d‘o qdL jqq ued Ny ae ae 
vw iv; 
1dq [491 uolw sad syind ur sanpisay pidiy Jaquny 


TC Sn se TN 


pajduins sjowiun aun6-biq {jp wo anssiy asodipp jo sjaaa] anpisas ul abun pub ebpiaay “GZ ajqn], 


93 


Laboratory where they were analyzed for 
DDT and DDT metabolites. No samples were 
taken from animals known to have been di- 
rectly exposed to an insecticidal spray pro- 
gram. 

That same year, personnel of the Wash- 
ington State Department of Game collected 
adipose tissue samples from 102 deer, 82 elk, 
and 9 mountain goats. These also were taken 
from areas where there were no recent direct 
exposures. The tissue samples also were sent 
to Agricultural Research Service Laboratory 
for analyses of DDT and DDT metabolites. 


Residue levels found in both the Idaho and 
Washington samplings may be considered as 
norms, or controls. This gave an additional 
basis for comparison with controls taken in 
conjunction with this 1964 spray project. 
Data gathered from the Idaho and Washing- 
ton samplings are summarized in table 26. 
(Note that results in this table are based on 
100 percent extractable lipids.) 

The first portion of the table indicates spe- 
cific animals taken during 1962 from the 
1964 spray project area. 

As a basis for comparison, residue levels 


Table 26. DDT residue levels in non-exposed big-game animals taken in Idaho and Wash- 


ington in 1962 





Parts per million based on 











Deer Esti 
sample Sex simnates Percent 100 percent extractable lipids 
number Weight Age Dis DDE TDE DDT Total 
Mule deer sampled in 1962 from the 1964 Salmon spray area’ 
67 M — 1% 47.3 T T .08 .08 
68 M 140 2% 56.9 T T .04 .04 
69 M 145 2% 32.6 .06 T 21 a2 7. 
71 M 140 2% 46.9 T i! .08 .08 
72 M 140 2% 64.4 i T .10 .10 
73 M —- 2% 56.1 .02 T .07 .09 
Average: .013 U .097 11 
Species Now ot 
P samples 
Statewide averages, Idaho, 1962? 
Deer 98 47.2 .0004 .020 .223 2434 
Elk 43 53.2 .007 .074 145 .226 
Mountain goat 1 60.4 T if .080 .080 
Speci No. of 
pede. samples 
Statewide averages, Washington, 1962? 
Deer 102 50.7 .004 .020 .266 .290 
Elk 82 4353 .005 .084 .160 .249 
Mountain goat A Osty — — .070 .070 





T = Any value less than .01 part per million. 


1Agricultural Research Service mimeographed report PCY-63-13, 1963. (On file with Entomology Re- 


search Div., ARS, Yakima, Wash.) 


?Agricultural Research Service mimeographed report PCY-63-12, 1963. (On file with Entomology Re- 


search Div., ARS, Yakima, Wash.) 
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found in big-game animals taken during mon- 
itoring this and other aerial DDT spray pro- 
jects have been summarized in table 27. In- 
cluded in the tabulation are summaries of the 
1962 Idaho and Washington statewide col- 
lections referred to previously, but values are 
on adipose tissue basis, not corrected for ex- 
tractable lipids. 


It is apparent from data presented in the 
foregoing tables that most wild game animals, 
regardless of where taken, have measurable 
amounts of DDT residues present in their 
adipose tissue. Amounts seldom exceed 1 ppm 
in areas where animals have not been directly 
exposed to a DDT spray program, at least in 
recent years. 


As a result of spraying in the 1964 Salmon 
project, there were mule deer, elk, and moun- 
tain goats that had higher residue levels than 
from any other known project area reported 
in the literature. The average for deer taken 
during the hunting season was slightly lower 
than the average of those taken 2 months 
earlier. The highest level (128.65 ppm) was, 
however, almost three times greater than the 
highest August sample (48.14 ppm). 


Idaho Fish and Game Department person- 
nel said that elk taken late in the hunting 
season from the North Fork area had probably 
migrated from Montana into the Salmon Na- 
tional Forest during the fall. If so, these ani- 
mals naturally received less exposure to DDT 
spray. Before analyses were made, the prob- 
able migratory elk (numbers 48, 49, 50, 53, 
55, 115, and 116) were designated by big- 
game biologist Ralph Pehrson. Grouping the 
spray area elk accordingly, the average results 
are shown in table 28. 


Nonmigratory elk reflect the expected ad- 
ditional exposure, averaging about four times 
as high as the migratory elk. This average, 
30.44 ppm, is higher than for deer taken 
either in August or during the hunting season. 


Residue levels in mountain goats far ex- 
ceeded earlier conjectures, especially since the 
average was higher than for either deer or elk. 
Local grazing and feeding habits could account 
for the difference. All mountain goats sampled 
from the project area were shot near one hunt- 
ing camp in the Horse Creek area. In the Horse 
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Creek drainage the terrain is quite rugged 
and interspersed with spruce budworm in- 
fested timber types, good semi-open game 
feeding areas, and rocky outcroppings. Be- 
cause of the infested timber, the entire area, 
except stream protection zones, was sprayed. 
The area, although below the subalpine zone, 
is excellent mountain goat habitat and the 
animals make use of it even during the sum- 
mer season. All animals would thus have re- 
ceived about equal exposure. 


The spray project evidently caused the 
DDT residue level in adipose tissues of 
many exposed game animals to rise sharply 
above normal. No acute toxicity cases were 
detected. 


No information was gathered in this moni- 
toring program to evaluate or predict the 
subtle long-range physiological reactions of 
animals acquiring the increased residue levels. 


Residues in Other Tissues of 
Big Game 


Rumen Content 


Rumen content samples were obtained from 
four deer taken prior to spraying and from 
five animals collected 1 month after spray- 
ing (samples numbered 2-10, table 29). Free 
liquids were squeezed from all samples. Sam- 
ples were then frozen and transported to the 
Denver Laboratory of the Bureau of Sport 
Fisheries and Wildlife. There they were 
thawed, air-dried, and ground up in a blender. 
Proportionate parts from the five prespray 
samples were mixed to make one composite 
sample. Rumen contents from the five post- 
spray deer were analyzed as individual sam- 
ples. 


Extraction and analysis procedures and re- 
sults were reported to the Forest Service.’ 


Residue extractions were made by using a 
solvent of 5 percent methanol in iso-octane. 
Extractions were than cleaned with Florisil. 


They were analyzed by gas chromatography 


1Correspondence from Glen Crabtree to Floyd 
Iverson, January 7, 1965. 
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Table 28. Average and range of DDT residues in migratory and nonmigratory elk from the 





spray area 
as Total DDT Total DDT 
Type of elk orca of Lipid ie dine (tissue basis, (100 percent 
polly ath (percent parts per million) lipids, ppm) 
Migratory 7, 82.6 7.90 8.88 
72.8-99.9 .29-26.58 .35-28.52 
Nonmigratory 6 84.6 30.44 36.72 
75.1-92.8 1.74-84.36 2.25- i zeae 
Table 29. DDT residues in deer rumen content samples 
Residues (parts per million) 
Samples Deer number 
p,p’-DDT DDE o,p'-DDT TDE Total 
Prespray Ze pAl Sed ND? ND ND ND ND 
Postspray 6 125.0 5.6 16.0 9.0 155.6 
+ 7 150.0 6.3 19.0 10.0 185.3 
“! 8 16.0 Tr, 7 2.4 8.6 27.0 
2 9 53.0 3.2 The 12.0 75.8 
a 10 130.0 Jel 4.0 1:2 15233 





1ND = Not detected. 
2Tr. = Trace = <1.0 ppm. 
Table 30. Comparison of DDT residue levels 
in adipose tissues and in rumen 


with the Dow 11 column and a QF-1 column contents of deer 


with an electron capture detector. 


Residue amounts were calculated on the Total DDT in parts per million 


Deer sample 


basis of known amounts of reference standards mater Adipose Rumen 
interspersed in the sample series. Prespray tissues? content? 
samples were run at the same sensitivity as p 
respray: 
were the other samples. 
: : : 2,3,4 &5 ND® 
A comparison is made in table 30 of the > 010 
DDT residue levels found in the adipose tis- 3 ; 033 
sues and rumen content samples from nine ; 
: : 4 .010 
deer. No direct correlation can be drawn. In- 5 610 
formation does indicate that 1 month after . 
spraying, the deer had accumulated high Postspray (1 month): 
levels of DDT residues in their fat tissues ra 10.88 155.6 
and exposure was still high as evidenced by 7. 43.09 185.3 
the residue levels in the rumen samples. 8 20.64 27.0 
9 8.60 75.8 
Thyroid, Adrenal, Liver, and Kidney 10 18.89 152.3 
Samples of liver, kidney, thyroid, and ad- 1From table 22. 


renal tissues were taken from eight deer 
(samples numbered 2-10, table 21). Tissues 


2From table 29. 


3ND=No detection. 


site of four samples. 
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This represents a compo- 


were frozen and transported to the Bureau of 
Sport Fisheries and Wildlife, Denver Labor- 
atory. 

Analyses of these tissues will be made for 
residues of DDT and DDT-metabolites. This 
work was not completed at the date of this 
report. Results from only four animals were 
available before going to press (table 31). 


BIRDS 


Time and personnel limitations precluded 
the possibility of making an intensive ecolo- 
gical evaluation of the spray project impacts 
on birds, their productivity, or population 
structure. After consultation with several pro- 
fessional people on this phase of evaluation, 
is was decided to limit the work on birds to 
studies on robins (Turdus migratorius) and 
grouse, and taking a general census. 


Robins 


This species was chosen as representative 
of songbirds which might be affected by DDT 
spray. Five birds were collected on June 25 
before the spray project started (fig. 33). It 
was planned that at each 15-day period after 
spraying up to five birds would be taken. Time 
permitted taking only a total of seven birds 
for postspray samples. 

The gizzard of each bird was taken for an- 
alysis as a separate sample. Birds utilizing 
DDT killed insects would be expected to have 
higher concentrations of residues in their 
gizzards than in their carcasses. Therefore, 
inclusion in total body concentrations could 
distort the total residue values because of 
some of the DDT in gizzard materials would 
have been excreted and not absorbed. The rest 
of the body, except for beak, feet, skin, and 
feathers, was used as the carcass sample. Each 
sample was placed in a plastic bag, labeled, 
frozen, and shipped to the Agricultural Re- 
search Service Laboratory for analysis. Ex- 
traction, cleanup, analytical, and recovery 
procedures used were as follows:' 


1 Agricultural Research Service mimeographed 
report PCY-65-20, 1965. (On file with Entomology 
Research Div., ARS, Yakima, Wash.) 
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Figure 32. Fourteen of the mule deer taken 
were to sample adipose tissue, adrenal and 
thyroid glands, liver, kidney, and rumen con- 
tent. The big-game biologist and the conser- 
vation officer of the IF&G Department and 
the research biologist of the BSF&W provided 
assistance in this sampling. 





Extraction and Cleanup 


Samples were removed from the freezer and 
a portion was placed in a Virtis bowl, ap- 
proximately 100 ml. chloroform added and 
the mixture was heated to just below the 
boiling point of chloroform. The sample was 
then blended for 5 minutes, anhydrous 
sodium sulfate added, allowed to stand for 
approximately 5 minutes and then filtered 
through anhydrous sodium sulfate. The 
bowl and sulfate were rinsed with chloro- 
form to make a final volume of 200 ml. A 
one hundred milliliter portion of the chloro- 
form extract was evaporated to dryness with 
air in a warm water bath. The residue was 
taken up in 20 mls. of distilled acetonitrile, 
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Figure 33. The numbers indicate robin, 
grouse, and vegetation collection sites and 
bird census sites. 


heated on a steam bath and anhydrous so- 
dium sulfate added and then cooled. It was 
then filtered through a cotton plug over- 
layed with anhydrous sodium sulfate into a 
chromatographing column of 15 grams of a 
15-1 mixture of Florisil and Nuchar C-190- 
N. The original flask was washed with 20 
mls. acetonitrile and the funnel with an 
additional 10 mls. acetonitrile. When the 
acetronitrile level reached the top of the 
column (Top just barely dry), 50 mls. of 
a mixture of 1 ~— 1 distilled n-hexane and 
chloroform were added. To the eluant was 
then added 35 mls. water, 10 mls. saturated 
sodium sulfate solution, and 40 mls. dis- 
tilled n-hexane and the solution was shaken 
for one minute. When the layers had sep- 
arated, the lower layer was aspirated off 
and the remaining hexane layer was washed 
with two additional washes of water and 
then dried with anhydrous sodium sulfate 
and filtered. The filtrate was then evapor- 
ated to dryness with air in a water bath and 
taken up in a measured volume of dis- 
tilled n-hexane. 


A 5 ml. portion of the chloroform extract 
was removed from the 200 ml. volume and 
allowed to evaporate to dryness at room 
temperature in a weighed beaker. The 
beaker was then reweighed and the differ- 
ence in weight was the crude lipid content 
of the sample. Where there was an indica- 
tion of cholroform being trapped in the fat, 
the beaker was put in an 103° C oven for 
five minutes, allowed to cool, and weighed 
again. 


Analytical 


Gas chromatography using electron capture 

detection. Research Specialties Model 602 

B — Sr 90 detector. 

Column: 6-foot glass U-shaped, packed 
with acid washed Chromosorb 
W, and of which 3 feet are 
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coated with 5% DC-200 and 3 
feet coated with 10% QF 1-0065. 
Column Temperature: 210° C. Sr 90 De- 
tector Temperature: 230° C.Gas Pressure: 
Nitrogen gas—inlet pressure about 50 psi. 


Recoveries 


It was difficult to determine the recovery 
accurately on robins both because of lack of 
sample and because some of the samples 
that had to be used contained too much in- 
secticide to measure small amounts accu- 
rately. For some as yet unexplained reason, 
the acid method used on the big game ani- 
mals gave zero recoveries of DDE. The 
method finally used gave better recoveries 
but was still not as good as desired. By the 
method finally used, the recoveries averaged 
36% for the DDE and 54% for the com- 
bined TDE and o,p'-DDT and 91.8% for 
the p,p’-DDT. There was not enough ma- 
terial to run recoveries on the gizzards. 


Results of the analyses are shown in table 32. 


Grouse 


Bird biologists of the Idaho Fish and Game 
Department were interested in a limited study 
on probable effects of this spray project on 
blue grouse (Dendragapus obscurus) produc- 
tivity. 

Collection of up to five spray area female 
blue grouse and the same number from a 
control area outside the project boundaries 
during the fall of 1964 was planned. Approxi- 
mately the same number from the same areas 
were planned for at prenesting or nesting 
time in the spring of 1965. It was also planned 
to collect clutches of blue grouse eggs from 
the spray area and from a control area to be 
hatched and observed. 

Because of a general decline in blue grouse 
populations in the project area the past few 
years, only three birds were obtained during 
the fall of 1964 (fig. 33), and no spring col- 
lections were made in 1965. The three bird 
carcasses were sent to the Bureau of Sport 
Fisheries and Wildlife in Denver. Each car- 
cass, minus feet, beak, skin, and feathers, was 
ground up, blended, frozen, and shipped to 


Table 31. Residues (parts per million) of DDT and DDT metabolites in thyroid, adrenal, 
liver and kidney tissues of deer’ 


Deer sample 





Potent p,p’-DDT o,p'-DDT TDE DDE DDD Total DDT 

Thyroid: 

6 T T 

7 59 3.00 3.59 

8 .60 .60 1.20 

9 1.39 1.39 
Adrenals: 

6 8.10 8.10 

7 T il 1.30 1230 

8 .60 3.00 3.60 
Liver: 

6 3.85 3.85 

7 1.92 1.92 

8 1.92 1.92 
Kidney: 

6 T T T T 

7 48 48 

8 T T 
Visceral fat: 

6 16.00 16.00 

i/ 48.00 48.00 
Subcutaneous fat: 

6 16.00 16.00 

7 36.40 36.40 
Unclassified fat: 

8 12.00 12.00 

SUMMARY 
Thyroid Adrenals Liver Kidney vacerel gaps yb reset te 

6 ii 8.10 3.85 T 16.00 16.00 

if 3.59 1.30 1.92 48 48.00 36.40 

8 1.20 3.60 1.92 i 12.00 

9 1k39 


‘Results reported by correspondence from Crabtree, BSF&W, to Casebeer. All results determined by 
paper chromatography on basis of frozen tissue weight after thawing. 


*Results from only four animals available before going to press. 
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the Agricultural Research Service Laboratory. 
Extraction, cleanup, and recovery procedures 
were the same as used for robins. The acid 
method also could not be used on the grouse. 
The recoveries by the method used were 132 
percent for DDE, 108.5 percent for the com- 


bined TDE and o,p’-DDT, and 136 percent 
for p,p’-DDT. Table 33 lists results of DDT 
residues found. 

During the regular forest grouse hunting 
season in Montana, personnel of the Montana 
Fish and Game Department killed four blue 


Table 32. Residues of DDT and DDT metabolites in robins* 





Residues (parts per million) ” Average 
Sample Type of jeer <7 and range 
number sample (percent) DDE o,p'-DDT p,p’-DDT Total DDT foe Rol 
#1 - Prespray Carcass 6.0 64 alle <.10 81 
Gizzard 3.4 AD oA <“10 42 
#2 - Prespray Carcass 10.4 26 <<.10 =.10 26 
Gizzard 6.6 a =<901 0 <.10 11 
#3 - Prespray Carcass? 6.2 — — — a 1.165 
Gizzard 76 Aes 14 nz 45 .26-3.13 
#4 - Prespray Carcass 52 S513 <.10 <.10 3.13 
Gizzard 4.5 “G2 =< lO s@ 3.02 
#5 - Prespray Carcass 4.3 46 <.10 = 10 A6 
Gizzard 4.5 210 10 <3 10 <.10 


nn EEE 


#1 Carcass 49 
First Postspray, Gizzard 4.1 
July 24 
#2 Carcass 6.9 
Gizzard 9.0 
#1 Carcass 2.7, 
Second Postspray, Gizzard 1283 
August 19 
FralGreeGulch #2 Carcass 3.4 
Gizzard 1.9 
#1 Carcass 2.0 
Gizzard 1.9 
Third Postspray, 
September 3 #2 Carcass 4.1 
Panther Creek Gizzard Up: 
pS #3 Carcass TAG? 
Gizzard 9.0 


1Agricultural Research Service mimeographed report PCY-65-20, 1965. 
Minimum sensitivity for detection of the method used was 


search Div., ARS, Yakima, Wash.) 
2Results not corrected for average recovery. 


0.1 


1.50 
.62 


2.60 
1.22 


1.83 
.63 


2.63 
1.50 


4.94 
1a: 


wo 
18 


RAL 7, 
73 


98 .88 3.36 
.62 54 1.78 
.o7 70 3.67 
0 .80 2.39 
fal 24 2.78 
30, isz HS 3.16 
.68 EE) 3.86 
7, 2.00 4,47 .62-5.85 
39 53 3:00 
10 027 1.09 
12 18 .62 
<.10 10 .28 
23 oF Lo? 
18 39 1.30 


(On file with Entomology Re- 


pm. 
A Caresp lost when first method of cleanup did not work. 
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Table 33. Residues of DDT and DDT metabolites in three postspray blue grouse* 





Residues (parts per million) 





Crude lipid Corrected 
Sampl 
a ie (percent) DDT TDE a p,p'-DDT Total DDT total DDT 
ee (100% lipids)? 
A 
Sage Creek 1.3 5.83 1.30 a 7.84 602.8 
August 19 
B 
Spring Creek 1.0 6.87 .63 .86 8.36 836.0 
August 30 
G 
Spring Creek WE7. 5:63 2.83 4.08 12.54 107.1 
November 20 
Average: 9.58 


1Agricultural Research Service mimeographed report PCY-65-20, 1965. (On file with Entomology Re- 
search Div., ARS, Yakima, Wash.) 


2Corrected to 100 percent lipid basis by the author. 


Table 34. Residues of DDT and DDT metabolites in forest grouse collected as part of a 
Montana study’ 





Residues (parts per million) 


Collection Crude 
Grouse Sex Age date? lipid Total Corrected 
species (1964) (percent) DDT DDE DDD DDT total DDT 
(100% lipids) * 
Blue M juv. 9-13 64.0 72.0 64.0 6.9 142.9 222.9 
Blue M 2a 9-19 79.8 61.0 156.0 8.0 225.0 281.3 
Blue F juv. 9-23 80.9 46.0 116.0 27, 164.7 204.2 
Blue M juv. 9-23 70.1 222 27.8 2&9 50.0 72.8 
Franklin M 2 9-23 7620 6:2 3.8 0.6 10.6 13.9 
Franklin M pya2 9-23 57.9 Utes: Ser 1.0 28.0 48.4 
Franklin M 2 9-19 78.5 42.0 105.0 Taco 162.0 205.7 
Franklin F ei 9-23 69.3 i7v.0 166.0 15.0 298.0 429.1 
Franklin F juv. 9-19 86.0 40.0 40.0 14.0 94.0 109.0 
Franklin M juv. 9-19 82.6 7.0 4.4 15 12:9 15.6 
Ruffed F juv. 9-23 78.3 45.0 81.0 4.0 130.0 166.4 





1Unpublished data reported in correspondence from Tom Mussehl to Robert Casebeer, 5-3-65. 


2Birds taken 9-13 and 9-19 were from site No. 21 and those taken 9-23 were from site No. 22, indicated 


in figure 33. 


3Corrected to 100 percent lipid basis by the author. 
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grouse, six Franklin grouse (Canachites frank- 
lini) and one ruffed grouse (Bonasa umbel- 
lus).1 They were all taken on the Idaho-Mon- 
tana state line on or near the edge of this 
spray project boundary (fig. 33, numbers 21 
and 22). Fat tissue was taken from each of 
these birds and sent to the Wisconsin Alumni 
Research Foundation Laboratories, Madison, 
Wisconsin. They were analyzed by gas chro- 
matography for residues of DDT and DDT 
metabolites. Results are shown in table 34. 
The figures in the corrected total DDT col- 
umn were computed and added in this report. 


Bird Census 


Before the spray project started, it was 
the consensus of most workers in the area 
that the population of insectivorous songbirds 
in the Salmon National Forest was higher 
than normal. If such were the case, the ad- 
normal food supply, spruce budworm, could 
have accounted for the increased number of 
birds. One species, the western tanager (Pi- 
ranga ludoviciana), was quite prominent in 
numbers. Increased numbers of this species 
were also noted elsewhere in the Rocky Moun- 
tain region during the same spring and sum- 
mer seasons. This phenomenon is known to 
occur occasionally since this species seems 
subject to population fluctuations. The same 
phenomenon may hold true for other less con- 
spicuous species. 


As indicated previously, no elaborate eco- 
logical appraisal was made of bird popula- 
tions in relation to the budworm infestation 
or to the spray treatment. A technique was 
planned and tested on the project, however, 
to give a possible indication of acute impacts. 

Two contrasting timber types were select- 
ed for study. One was an open-canopy Doug- 
las-fir stand with a southwest exposure on 
Porphyry Ridge (No. 13, fig. 33). The other 
was a closed-canopy lodgepole pine (Pinus 
contorta) -alpine fir (Abies lasiocarpa) stand 
on an easterly exposure of Blackbird Ridge 
(No. 14, fig. 33). In each area, a 40-acre 
square plot was delineated by string-lining 
the perimeter. Five counting-route center 


1Correspondence from Tom Mussehl, Montana 
Fish and Game Department to the author, 5-3-65. 
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lines were flagged or string-lined across each 
plot, thus providing an observation strip 2 
chains wide on each side of the center line. 


Birds were counted by traversing each 4- 
chain wide strip in a serpentine manner, re- 
cording those birds observed within the strip. 


Counts were made in early morning, usually 
starting about 6:00 a.m. This took advantage 
of the birds most active period and gave 
optimum light for identification. Only clear, 
calm mornings were selected for counting. 


Prespray counts were made 6 and 7 days 
before, and postspray counts were made 3 and 
4 days after the respective areas were treated. 
The counts are shown in table 35. 


Twenty-one bird species were identified on 
these plots. The Oregon junco, (Junco sp.) 
chipping sparrow (Spizella passerina ari- 
zonae), western tanager, (Piranga ludovici- 
ana), and Cassin’s finch (Carpodacus cassint) 
composed the majority of observations. Ap- 
proximately a dozen other species were iden- 
tified within the spray project area but out- 
side the census plots. Possibly some of them 
were represented as “unidentified” within the 
plots. 


The counts represent samples of bird oc- 
currence in the plots. They show that no 
drastic reductions in bird numbers occurred 
during the census interval, thereby indicating 
no acute population change as a result of 
spraying. Actually, there was a slight increase 
in numbers. One reason could have been the 
increased activity of fledglings and females oc- 
curring at this particular time. Singing act- 
ivity, noted by the observers, was greater dur- 
ing censusing following treatment than pre- 
vious to spraying. 

Careful observation over routes traveled 
failed to reveal dead birds within the plots. 
None were reported over the remainder of the 
project area although intensive searches were 
not conducted. 


VEGETATION 


Although the project operational plan de- 
signated open meadows of more than 160 
acres as nonspray types, much forage grows 
among semi-open timber types and was thus 


Table 35. Prespray and postspray bird counts on two 40-acre plots 





Plot Porphyry Ridge (No. 13) Blackbird Ridge (No. 14) 
Type Prespray Postspray Prespray Postspray 
Date (1964) 7-11 7-21 : 7-12 7-22 
Name of birds Time (a.m.) 6:00-7:55 5:55-7:50 5:45-7:30 6:00-7:45 
Unidentified megs ..227oe eo. 17 27. 9 18 
JUNCO Y2285,) 2. 3cctoe eh pte ee 3 2 3 
Junco sp. 
ROD in Gres et ee ee 1 
Turdus migratorius 
PinemsiSkitt: cserccess oe oes ero reens 1 
Spinus pinus pinus 
Mountain blue bird -.................---- 2 
Sialia currucoides 
CanGdaaloy Sarcurtsesttee ee 1 
Perisoreus canadensis 
Chipping sparrow ..........-.------------ 21 29 5 4 
Spizella passerina arizonae 
Cassius ctiChy eee.) eee eee 1 
Carpodacus cassint 
Western? tanageln fcc. 2 3) 1 2 
Piranga ludoviciana 
Mountain chickadee .................... ] 1 
Penthestes gambel 
Red breasted nuthatch ................ 1 
Sita canadensis 
Hairy woodpecker ............-...-.---- 1 
Dryobates villosus 
BlUeLOrOUSGg serene ret. meter etter: 3 
Dendragapus obscurus 
Franklin’s* grousew.-..2-.2....e es 3 
Canachites franklini 
Hefmitathrush 2h See) eee 1 
Hylocichla guttata 
Evening grosbeak ...................... 8) 2 
Hesperiphona vespertina 
Downy woodpecker ..................-- 2 
Dryobates pubescens 
Audubon warbler ............--...------- 2 1 ] 
Dendroica audubont 
Red shafted flicker _..................... 3 1 
Colaptes cafer 
SOngisparraw sa sean ere 2 
Melospiza melodia 
Williamson's sapsucker ...............- 2 1 
Sphyrapicus thyroideus 
Red-tailed hawk ........................ 1 


Buteo borealis 


a 


Totals: 60 69 24 35 
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exposed to insecticide spray. Thus, livestock 
and wildlife feeding on this vegetation were 
exposed to the DDT. Vegetation was there- 
fore sampled to determine the persistence of 
DDT residues to species of forage. The study 
was not designed to inventory or measure 
distribution patterns of insecticide on vegeta- 
tion. 


Prespray vegetation samples were collected 
between July 1 and 6 at 21 sites within the 
upper Panther Creek drainage. Control sam- 
ples were collected in the Williams Creek 
drainage. Ten species were sampled from the 
Panther Creek sites and nine of those same 
species were sampled from the control site. 
Each species from each collection site was held 
separately. 

Species sampled were: 

Big sagebrush — Artemesia tridentata 

Douglas-fir — Pseudotsuga menziessi 

Snowberry — Symphoricarpos spp. 

Balsamroot — Balsamorhiza sagittata 

Snowbrush — Ceanothus velutinus 

Current — Ribes sp. 

Chokecherry — Prunus demissa 

Bluebunch wheatgrass — Agropyron inerme 

Idaho fescue — Festuca idahoensis 

Bitterbrush — Purshia tridentata 


Just before spray application, five oil-sen- 
sitive dye-cards were placed approximately 
1 chain apart on a transect through each 
collection site within the project area. After 
spraying, the cards were evaluated for the 
amount of spray reaching ground level. Cards 
from 10 sites indicated that no spray, or only 
trace amounts, had reached the ground. All 
prespray collections from these sites were 
discarded, and these 10 sites were eliminated 
from consideration for postspray collecting. 
Average of dye-card readings from the other 
11 sites showed from .06 to 1.24 pounds 
of DDT per acre had reached the ground. 
Thus, these were selected as the treatment 
sites (table 36 and fig. 33). 


Repeat collections were made from the same 
project and control sites of the same species 
at four postspray periods: 

1. July 19 and 21, immediately following 

spray application. 


2. August 18 and 19, about 1 month after 

spraying. 

3. September 22. 

4. October 27. 

Not all species were collected from each 
site. Table 36 describes the location of each 
site and indicates species sampled. 

Current annual growth was selected for 
all collections. Each sample of each species 
was put in an individual, open-mesh, regular 
10-pound potato bag, hung in a building, and 
allowed to air-dry for 1 to 2 weeks. Each 
sample was then ground in a blender. Control 
collections were maintained individually by 
species for each collection period, totaling 
nine prespray and 386 postspray samples. 
Equal amounts of foliage were taken from 
each project sample. Composite samples were 
made of each species for each collection per- 
iod, totaling 10 prespray and 40 postspray 
samples for the project area. 

All collections were shipped to the Bureau 
of Sport Fisheries and Wildlife Laboratory in 
Denver for analyses. 

Residue analyses of four species were made 
by chemists of the Denver Laboratory. Extrac- 
tions and analyses were made as follows: 

After air-drying, grinding, and composit- 
ing the necessary samples, they were pre- 
pared and analyzed in the following way: 

1. Residue extractions were made of each 

sample by use of a solvent of five per- 
cent methanol in iso-octane. 

2. Extractions were cleaned with Florisil. 


3. Analysis made by gas chromatography 
with Dow 11 column and electron 
capture detector. 


4, Amounts were calculated on the basis 
of known amounts of reference stan- 
dards interspersed in the sample 
series. Prespray samples and control 
samples from unsprayed areas were 
run at the same sensitivity as were the 
samples from the sprayed areas. 

5. Analyses were made for p,p’-DDT, 
for DDE, and for the combined o,p’- 
DDT and TDE. 


1Correspondence from Glen Crabtree to Floyd 
Iverson, January 7, 1965. 


Table 36. Vegetation sampling sites and species 


Species collected 





ir FS o£ 2 $9 oMzeee 
wo fat (e) — —- fe] (e) =} 
a* wv ra} < $ o < 2 — ax 
: Sy a — 2 eo) (sono 
he Location Cee pe a ME ca) Sassen 
Number ? Ce nes. 6 eae ge Oo 
a ¢& ny Te < 2e § 
aq = Ge? 
a 
a 
1 Dummy Creek — 1.9 miles from 152400 Xe Xe Ke Xe X 
Blackbird road junction where road 
passes over ridge and turns right. 
Site is on south slope. 
2 Dummy Creek — .3 miles up road <O0') @Xae  XLIEXP, GEXE GX X 
from No. 1. Site is on right. 
3 Dummy Creek — .3 miles up road .36 aad G4 xX xX 
from No. 2. Site is on right. 
4 Dummy Creek — .8 miles up road .83 X 
from No. 3. Site is on right. 
=) Copper Creek — 1 mile up South .09 X X eX X X xX xX 
Fork Fawn Creek road from its junc- 
tion with Copper Creek. Site is on 
right. 
6 Copper Creek — .9 miles up road Pup AS X XaeeX SX xX xX 
from No. 5. Site is on right. 
7 Musgrove Creek — First canyon on so0: EXD eX” Ke XG Xx Xerex 


right up drainage from Withington 
Cabin. Site is on left .5 miles up 
road from junction. 


8 Musgrove Creek—200 to 300 yards O07 ¢ LX mee Xone eek X 
up road from a point .2 miles be- 
yond No. 7. Site is on left. 


9 Porphyry Ridge — In saddle on 81 X KS ge! Agog eX X X xX 
ridge between Musgrove and Por- 
phyry Creeks at upper end of mea- 
dow. 1.8 miles up road from Forney. 

10 Porphyry Ridge — .3 miles beyond .09 X X X X XP XxX 
No. 9 on lower road. Site is on 
right near last salt block. 


11 Porphyry Creek — 5 miles up can- .06 X X X XxX X X 
yon from Panther Creek junction. 
Site is on steep south slope on 
right. 


13 Control, Williams Creek, directly X Xx X X X X xX X xX 
east of Forest Service cabin. 


SSS 


‘Equals pounds of DDT to the ground per acre as determined from average of readings of five dye-cards 
per site. 
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Figure 34. Total DDT residues are summar- 
ized for four species of vegetation (for 1964). 
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Figure 35. Current annual growth from sam- 
ples of 10 vegetation species was clipped, air- 
dried in mesh bags, ground up in a blender, 
put in plastic bags, and sent to the BSF&W 
laboratory to analyze for DDT residues. 


Findings from analyses of the four species 
which have been completed were transmitted 
in the same correspondence and are shown in 
table 37. Analyses for August 1965 samples 
for two species also are shown in the same 
tabulation. 


A summary of total DDT for the four spe- 
cies is illustrated by figure 34. Results from 
the other six species will be reported when 
available. 
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Table 37. DDT residues (parts per million) in four species of vegetation’ 


Sample 


Prespray 
Postspray 
Postspray 
Postspray 
Postspray 
Control 


Postspray 
Control 


Prespray 
Postspray 
Postspray 
Postspray 
Postspray 
Control 


Prespray 
Postspray 
Postspray 
Postspray 
Postspray 
Control 


Prespray 
Postspray 
Postspray 
Postspray 
Postspray 
Control 


Postspray 
Control 


Year 
month 


(1964) 
June-July 
July 
August 
September 
October 
July-October® 


(1965) 
August 
August 


(1964) 
June-July 
July 
August 
September 
October 
July-October? 


(1964) 
June-July 
July 
August 
September 
October 
July-October? 


(1964) 
June-July 
July 
August 
September 
October 
July-October? 


(1965) 
August 
August 


p,p’-DDT DDE 


ND? 
128.0 
69.0 
53.0 
55.0 

ND 


ND 
279.0 
196.0 

64.0 
127.0 
ND 


Bluebunch wheatgrass 


ND 
317.0 
202.0 
186.0 
170.0 

ND 


ND 
64.0 
30.0 
27.0 
30.0 

ND 


19.0 
ND 


Big sagebrush 


ND 
4.2 
3.1 
et 
1.6 
ND 


si 
Wee 


Balsamroot 


ND 
39, 
Zui 
25/) 
3.3 
ND 


ND 
Tan 
3.5 
2.8 
3.2 
ND 


Douglas-fir 


ND 
203 
ND 
ND 
Tr. 

ND 


Tr. 
ND 


o,p'-DDT 
& TDE 


ND 

16.0 
8.0 
3.5 
Pas 
ND 


Tr. 


ND 
28.0 
17.0 

AWA 
19.0 
ND 


ND 
60.0 
33.0 
32.0 
38.0 

ND 


ND 
13.0 
ND 
ND 
5.3 
ND 


Tike. 
ND 


DDMU 


Total 


ND 
148.2 
80.1 
57.8 
59:1 
ND 


ND 
312.9 
Zo 

76.4 
149.3 

ND 


ND 
384.1 
238.5 
220.8 
211,52 

ND 


ND 
79.3 
30.0 
27.0 
35.3 
ND 


19.0 
ND 





1Correspondence, Glen Crabtree to Floyd Iverson and Robert Casebeer. 
2ND = Not detected. 
8Composite samples of five collection periods. 
4Tr = Trace, <1.0 ppm. 
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Variation of levels between species at the 
first postspray sampling has no obvious cause 
with which it can be associated. Major reduc- 
tion in levels, between 29 and 62 percent, 
occurred within the first month after spray- 
ing. Reductions in levels, from 43 to 76 
percent, depending on the species, continued 
during the second month. In only one species, 
wheatgrass, was there a further decrease the 
third month, and that was very slight. Increas- 
ed levels occurred in balsamroot, sagebrush, 
and Douglas-fir, but they all ended the 3- 
month postspray period with residue levels 


about half that detected immediately follow- 
ing spraying. 

Differences in the rates of changes in resi- 
due levels between species could most likely 
be associated with moisture and tissue differ- 
ences caused by different rates and degrees of 
curing through the summer and fall. This 
could result in concentration variations with 
the presence of the same total residue. There 
is also the possibility of variations in spray 
concentration on different portions of sampled 
plants and the resulting sampling of different 
applied rates. 


AGRICULTURAL PRODUCTS 


Various state and federal agencies have legal 
responsibilities for checking contaminates in 
agricultural products. These duties are as- 
signed either by state or federal laws. As 
monitoring programs by other agencies were 
already in effect, arrangements were made 
with key individuals of those agencies to ex- 
tend their programs into the project area, or 
to intensify programs already in effect there. 


They were asked to evaluate, as completely 
as possible, the impact of this particular spray 
program on those environmental components 
under their jurisdiction. 

All agency representatives contacted were 
very cooperative in providing assistance. Sam- 
pling programs were established for the var- 
ious products. Some laboratory analyses were 
financed by the Forest Service; while others 
were supplied free. 


The project area is not an intensive agri- 
cultural area, there being a limited number of 
producers with few products. Producers re- 
side mostly along the bottom lands of major 
streams and rivers. Within the project area 
normal protection was afforded most private 
lands either because they were within non- 
type areas for spraying or by being inside the 
protective nonspray widths stipulated along 
water courses. Special protection was provided 
by designating private lands as nonspray 
zones. In situations where infested timber 
types occurred on private lands Forest Ran- 
gers contacted the landowners. Infested tim- 
ber on private lands would then be designated 


for spray or nonspray, according to the land- 
owner’s wishes. Similar to stream protection 
measures, 400-foot wide strips adjacent to 
nonspray areas were sprayed with helicopters 
at the rate of 0.5 pound DDT per acre. 

Products of concern were cream marketed 
at the Salmon creamery; Grade A milk sold 
to a processing plant in Missoula, Montana; 
beef cattle grazed on National Forest allot- 
ments; and hay produced on a farm near the 
Salmon airport. 


CREAM 


The State Department of Agriculture has 
responsibilities in Idaho for administering 
standards of marketing cream. Contacts were 
made with the Director of Dairying and with 
the Regional Dairy Inspector and a program 
developed for sampling cream produced with- 
in the project area and in outlying areas be- 
yond exposure. 

The three general sampling areas were the 
North Fork of Salmon River, Lemhi River 
valley between the towns of Salmon and 
Lemhi, and the main Salmon River above 
Salmon along the Salmon-Challis highway. 
Only the North Fork was within project 
boundaries. 


Three individual producers were chosen 
from each area. The Dairy Inspector took 2 
ounces of cream, as samples, from each pro- 
ducer’s supply three different times. The sam- 
ples from the three producers in each area 
were combined to make a composite sample 


Table 38. Results of composite cream sample analyses 








First Second 
Area of Prespray postspray postspray 
collection sampling sampling sampling 
Date DDT* Date DDT" Date DDT* 
No. Fork of Salmon ......-- 6-9-64 Neg. 7-29-64 Neg. 11-16-64 Neg. 
Lemhi Valley -................- Ly Neg. % Neg. a Neg. 
Salmon to Challis _........- sa Neg. Gy Neg. tt Neg. 


1DDT and DDT metabolites results less than 1 part per billion are reported as “Neg.” (negative) 


totaling 6 ounces for each of the three col- 
lection periods. Results can only represent a 
composite of producers. 


One prespray and two postspray collections, 
1 and 5 months later, were made by the 
Dairy Inspector for Lemhi County (table 38). 
Samples were sent to Boise where they were 
analyzed by the Idaho Department of Agri- 
culture chemist. Results reported as negative 
indicate less than 1 part per billion DDT. 


GRADE A MILK 


The State Department of Health has re- 
sponsibilities within Idaho for administering 
Grade A milk standards. The Salmon area is 
not a dairying area. Only a few producers 
supply milk for regular bulk tank pickup. The 
milk is taken to a processing plant in Mis- 
soula, Montana. There were no Grade A milk 
producers within the project area, but there 
were three north of Salmon, from 1 to 6 miles 
outside the project boundary, and two others 
south of the town, where there was no ex- 
posure. 

The Chief, Laboratories Section, and the 
District Supervising Sanitarian of the Idaho 
Department of Health, were contacted and a 
program for sampling Grade A milk from each 
of the five producers was developed. Samples 
were taken before spraying, about 3 weeks 
after spraying, and about 2 months after 
spraying. The District Sanitarian made the 


collections and shipped the samples to the 
state office in Boise. There they were ana- 
lyzed in the same laboratory shared with 
the State Department of Agriculture. All ser- 
vices of the Department of Health for collect- 
ing samples and laboratory analyses were con- 
tributed. A listing of collections and results 
of analyses appears in table 39. 


BEEF 


There are 21 cattle allotments on the three 
Ranger Districts of the Salmon National For- 
est within the project boundaries. Some 30 
permittees graze nearly 2,200 head of cattle 
on these allotments starting as early as May 
1 and extending as late as November 15. Dur- 
ing the winter previous to spraying, the forest 
supervisor, range staff officer, and respective 
district rangers met with those livestock as- 
sociations having permittees on those allot- 
ments and explained the spray project pro- 
posal and various implications involved. There 
was no voiced objection to the project and the 
permittees were not particularly concerned 
about ultimate impacts under normal grazing 
procedures. 


Although many animals were subject to 
exposure, certain built-in protection factors 
tended to dilute exposure intensity. Other 
factors inherent to the cattle producing in- 
dustry in the Salmon area provided additional 
dilution by marketing time. These protection 
factors were: 


Table 39. Results of Grade A milk sample analyses 





Area of Prespray 
collection sampling 
Date DDT* 
Adjacent to project: 
10 mi. N. of Salmon .....- 6-16-64 Neg. 
7 mi. N. of Salmon ...... 4 Neg. 
A mi. N. of Salmon ...... a Neg. 
Distant from project: 
feMi..0. Of OcIMOn --.._- i Neg. 
3% mi. S. of Salmon -..... ie Neg. 


First Second 
postspray postspray 
sampling sampling 

Date DDT’ Date DDT' 


7-29-64 Neg. 10-13-64 Neg. 


" Neg. Hi Neg. 
i Neg. y Neg. 
u Neg. a Neg. 
" Neg. oe Neg. 


i a ————————————— 
1Results of less than 1 part per billion shown is “Neg.” (negative) 


1. Nonspray types of more than 160 acres 
were not treated. Large range types, 
thus exempted, constituted the more 
intensively used portions of allotments. 


2. Bottom lands along streams with a flow 
of more than 5 cfs were protected with 
400 feet on either side as nonspray and 
an additional 400 feet of only 0.5 
pound DDT per acre. More than 700 
miles of stream bottoms were designated 
for this protection. Stream bottoms con- 
stitute a major portion of cattle range 
within forested types. 


3. Portions of most allotments were out- 
side the project area. 

4. At the time of spraying (July) vegeta- 
tional development at higher elevations 
of the project area was not complete. 
DDT is not known to be systemic and 
would not translocate to portions of the 
plant which grew after spray application. 
Cattle are normally moved to higher 
elevations after vegetation has made 
additional growth. This was done after 
spraying was completed. 

5. Relatively few cattle remain on forest 
allotments late in the season. Some are 
removed as early as July 31, others 
by the end of August, and the majority 
are gone by mid-September. Thus, for 
most cattle, 2 to 2144 months was the 
maximum time of exposure. 


6. Ordinarily, cattle from forest allotments 
are taken to farmlots for supplemental 
feeding before marketing. Thus, addi- 
tional time was provided, whereby losses 
of at least a portion of accumulated resi- 
dues could occur. 


These dilution factors cannot be taken for 
granted as resolving the problem of DDT ex- 
posure, however. 


Originally, plans for evaluating spray im- 
pact on beef cattle called for a periodical bi- 
opsy of cattle exposed in the project area un- 
der normal grazing conditions. It seemed to 
be too sensitive an area, public relations wise, 
to expect permittees to subject their stock to 
biopsy procedures. It would have been best 
to have had cattle available solely for this 
type of an evaluation. Such stock would not 
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be subject to marketing or other outside con- 
trols. This. alternative became evident too 
late to explore the legal procedures which 
would allow the Forest Service or another 
agency to acquire livestock for this purpose. 


An acceptable substitute plan was devised 
The Meat Inspection Division of the Agricul- 
tural Research Service has the responsibility 
of inspecting meat and meat products pro- 
cessed and sold by the City Packing Com- 
pany in Salmon. A full-time ARS veterin- 
arian is the Federal Meat Inspector. He 
agreed to obtain adipose tissue samples from 
local cattle if processed in this packing plant. 


There was no schedule whereby beef pro- 
ducers in the Salmon area could be expected 
to market beef animals through this packing 
plant. Occasionally culls or cripples could 
have been processed during the summer. Ad- 
ditional animals could be expected at the 
end of the grazing season or after fall or winter 
feeding. 


Two lists of beef producers’ names were 
furnished the Federal Meat Inspector. One 
list was of permittees having cattle on allot- 
ments within the project area. The other list 
was of Salmon National Forest permittees 
whose allotments were not exposed to spray- 
ing. If cattle from any of these producers were 
slaughtered at this plant, the Inspector was 
to take adipose tissue samples and send them 
to the ARS Laboratory in Yakima. For var- 
ious reasons, no cattle from the listed pro- 
ducers were processed through the plant. 


A sample of only one beef animal was ob- 
tained elsewhere. This was taken on February 
4, 1965, approximately 4144 months after the 
animal was taken off National Forest range. 
Analysis findings were as follows: 


Percent crude lipid was 78.4 percent. DDE 
in parts per million was 2.35 as received and 
3.00 on a 100 percent lipid basis. TDE + o,p’- 
DDT in parts per million was 2.25 as received 
and 2.87 on a 100 percent lipid basis; p,p’- 
DDT in parts per million was 0.59 as re- 
ceived and 0.75 on a 100 percent basis. Total 
DDT in parts per million was 5.19 as received 
and 6.62 on a 100 percent lipid basis. 


HAY 


The primary agricultural pursuit in the 
Salmon area is ranching. Within the project 
area a few ranchers raise hay only for their 
own stock needs. Protection measures applied 
to these areas have been described previously. 


No comments were received from ranchers 
within the project area during or after the 
project to indicate concern about hay con- 
tamination. 


One situation developed adjacent to the 
airport. A small rancher immediately south 
of the airport was cutting, baling, and stack- 
ing alfalfa hay during spraying operations. 
The contractor who furnished the spray mixed 
the materials on the south edge of the Salmon 
airport grounds. After mixing a large volume 
of spray concentrate, he had an accumulation 
of DDT container bags which he burned near 
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his installation. The Salmon Forest Supervisor 
received reports from the rancher’s wife that 
ashes from the fire had blown onto the hay 
field. She was concerned about contamination 
of the hay as they planned to sell it. By this 
time the hay had been baled and stacked. 
Approximately 9 tons of hay were involved. 


A representative of the Idaho State De- 
partment of Agriculture was contacted and 
on September 14, he visited the ranch. Two 
samples of the hay were made from composite 
cores taken from 10 bales, representing a 
total of approximately 400 bales. The two 
samples were sent to Boise and analyzed for 
chlorinated hydrocarbon residues by the State 
Department of Agriculture chemist. Results 
were reported to the Forest Service as nega- 
tive. This information was passed on to the 
rancher. He expressed satisfaction with the 
test results. 


SPECIAL SITUATIONS 


CULINARY WATER 


Specifications of the aerial spray contract 
provided for special protection measures for 
streams and lakes. In applying these protec- 
tive measures particular attention was given 
to culinary water supplies, especially those 
drawn from open streams. 

Domestic water for the town of Salmon is 
taken from Jesse Creek, a drainage flowing 
towards Salmon from the west. Most of the 
drainage area is inside the Salmon National 
Forest, but none was within the spray pro- 
ject area. Jesse Creek was in the logical flight 
line between much of the project area and the 
Salmon airport. It was thus vulnerable to ac- 
cidental spray deposition if there were no 
restrictive controls. The entire drainage of 
Jesse Creek (fig. 36) was, therefore, desig- 
nated as a nonflight zone. This area was 
drawn on all project maps and in briefing 
and orientation flights for pilots and observ- 
ers, special emphasis was devoted to its pro- 
tection. Return flight patterns for planes com- 
ing from north and northwest of Salmon were 
restricted to flying across the lower end of 
Jesse Creek below the point where the town’s 
water supply enters an underground system. 

Observers and other project personnel were 
careful to watch the flight patterns. No vio- 
lations of the Jesse Creek restrictions were 
observed. 


Numerous ranches and summer homes in 
the general area are supplied with water from 
open streams. Such streams were normally in- 
cluded within zones provided for aquatic en- 
vironment protection. Some water ditches, 
especially along the North Fork and lower 
tributaries of the Salmon River, meandered 
outside the normal protection zone. In such 
cases the protective zones were extended to 
include the ditches. 


The communities of Gibbonsville and Co- 
balt obtain water from reservoirs supplied by 
open streams within the project area. Gib- 
bonsville water is drawn from the Anderson 
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Creek reservoir (fig. 36) which is supple- 
mented at times from Dahlonega Creek by a 
ditch. Nonspray zones were extended to pro- 
vide protection for both the Anderson Creek 
reservoir and the ditch from Dahlonega Creek. 


Regular stream protective measures were ap- 
plied to the upper portions of these drainages. 


The Cobalt water supply is taken from the 
Spring Creek reservoir (fig. 36). The non- 
spray zone was widened to include the reser- 
voir area and normal protective measures were 
applied to the remainder of Spring Creek 
above the reservoir. 


A small store at Forney (fig. 36), at the 
junction of Porphyry Creek with Panther 
Creek, is supplied with water directly from 
Porphyry Creek. Regular protective measures 
were applied to the entire length of Porphyry 
Creek and its main tributaries. 

The Idaho State Department of Health 
administers prescribed purity standards of 
water for public use throughout Idaho. Ar- 
rangements were made whereby their person- 
nel, with help of Forest Service personnel, 
would take prespray and postspray samples 
of water from the three supplies mentioned. 
The samples were sent to Boise and analyzed 
for DDT residues by the Department’s chem- 
ist. Analysis results are listed in table 40. 


HULL CREEK RESERVOIR 


Hull Creek is a tributary of the North Fork 
of Salmon River. At the junction of the South 
Fork of Hull Creek with the main creek a re- 
servoir of about 10 surface acres in size has 
been constructed (figs. 36 and 37), mostly on 
private land. A resort has been established 
there which caters primarily to people who 
fish this reservoir. 


Terrain-wise, the reservoir is situated at 


the bottom of a basin-like merging of drain- 
ages. Normal air drainage in such a situation 


_— aS ee 
Figure 36. The locations of special situations 
occurring during the project are shown. 
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would carry volatilized spray materials from 
upper elevations to the bottom of the basin 
and deposit them on the reservoir. Waterflow 
from the reservoir is small and unsteady (be- 
cause of a regulating weir) so a water turn- 
over is not assured. Under these conditions, 
spray materials getting into the water would 
be cumulative. Experience elsewhere had in- 
dicated that pesticides accumulated in im- 
pounded water have caused severe delayed 
effects on aquatic life. 


This particularly sensitive situation de- 
manded special protective measures for this 
drainage. A 1000-foot fringe around the reser- 
voir was designated as a nonspray area as 
were both sides of the main creek for some 
distance above the reservoir. Most of the 
remaining drainage was sprayed by helicopter 
with 0.5 pound DDT per acre. This ac- 
tion assured that the planes would not have 
to fly or turn over the reservoir or the major 
length of the stream. 

Water samples were taken at three loca- 
tions early in the morning of July 8, before 
helicopter spray operations started. These 
locations were: (1) main Hull Creek, just 
before the stream entered the reservoir; (2) 
surface of the reservoir approximately midway 
along the north side; and (3) where water 
from a spring in the South Fork of Hull Creek 
entered the reservoir. 

Samples were taken again at about 3:00 
p.m. the same day. Residue analyses were 
made and reported by the Agricultural Re- 


Figure 37. Hull Creek Reservoir is situated 
in a basin-like location. It is a private resort 
depending on the reservoir fisheries resources. 
This made extra precautions imperative. Non- 
spray and helicopter widths were widened as 
added precautions against possible accumu- 
lation of spray in impoundment. 





search Service. All results were less than 0.2 
parts per billion, or negative within the lim- 
itation of analyses. 

No reports have been received to date of 
any adverse effects or reactions. Evidently 
the special protective measures were adequate. 


Table 40. Results of culinary water sample analyses 





Area of Prespray 
collection collection 
Date DDT* 


(1964) Residue 


Spring Cr. reservoir 


(Gobi) meee eeeenee 
Anderson Creek 

reservoir 

(Gibbonsville) _......... 7-10 Neg. 
Forney store ..........--.----- 6-30 Neg. 


First Second 
postspray postspray 
collection collection 

Date DDT* Date DDT 
(1964) Residue (1964) Residue 
7-20 Neg. 9-15 Neg. 
7-21 Neg. 9-13 Neg. 

9-15 Neg. 





1Results of less than 1 part per billion shown is “Neg.” (negative) 


EMERGENCY SPRAY RELEASES 


Specifications for the aerial spray contract 
in the project operational plan included the 
following statement: 


In case emergency dumping of insecticide 
becomes necessary, dumping will be done 
away from waterways, residences, and pas- 
tures, if at all possible. 


Project personnel recognized the possibility 
that emergency situations might make it nec- 
essary to dump spray materials. No advance 
planning can specifically outline monitoring 
for such emergency situations. Techniques 
and methods are tailored to specific incidents 
as they occur. 


Early on the first day of helicopter oper- 
ation (July 2), one spray pilot, operating 
from the helispot at Shoup along the main 
Salmon River, jettisoned part of his load. The 
Monitor Coordinator made the investigation 
that afternoon. The pilot had found himself 
in a tight spot without sufficient room to 
maneuver safely. He felt it was not safe to try 
flying out without dumping the remaining 
30 gallons of spray. He jettisoned from a 
low elevation near the top of the ridge almost 
directly across the Salmon River from Shoup. 


There is no running water at the site, the 
nearest being the Salmon River, one-fourth 
mile away. It was felt that this concentrated 
spray dose would have no particular impact 
on the forest environment. 


The danger in such a situation is in the 
public relations aspect. If an incident is not 
properly investigated and reported immedi- 
ately, rumors of damage start to circulate 
and the situation is soon magnified out of all 
proportion to the facts. 


Other incidents occurred the same day per- 
taining to helicopter operations. One involved 
the helicopter pilot spraying along Horse 
Creek. He had trouble with the motor fur- 
nishing the spray boom pressure. There were 
no emergency helispots available along Horse 
Creek; so he landed on a gravel bar where 
Horse Creek joins the Salmon River. In try- 
ing to correct the trouble some spray mixture 
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was pumped through the booms and released 
directly onto the sandbar. Rotor-blade action 
also blew some finer spray particles out over 
the Salmon River. 


Repetitions of this situation occurred at 
two other helispots along the Salmon River. 
The river canyon in places is very narrow 
and often the only helispots available were on 
the bank immediately adjacent to the river 
(fig. 38). On a number of occasions, the pilots 
primed the spray apparatus by hovering low 
over the helispots, with the rotor blades fan- 
ning finer spray out over the Salmon River. 


These incidents were brought to the atten- 
tion of helicopter pilots, observers, foremen, 
and contractors during the briefing session 
held later that day. Strict instructions were 


Figure 38. The helispot at Bear Gulch ts 
on the main Salmon River. The terrain is 
rugged and access by servicing vehicles very 
restricted. It was necessary to work very close 
to the river and fly under hazardous topogra- 
phic conditions. 





issued that system priming was not to be done 
on helispots close to open water or domestic 
developments. The pilots were instructed to 
move their craft to spray areas for priming. 

Two spray planes crashed during the pro- 
ject. Each case was investigated to determine 
the insecticide load disposition and the pos- 
sible impacts it might have on various re- 
sources. 


PB4Y2 Crash 


On July 17, the four-engine PB4Y2 made 
an emergency crash landing at about 6:40 
a.m. on an open hillside outside the project 
area. First reports indicated the pilot had 
jettisoned a partial load somewhere in the 
upper reaches of the Panther Creek drainage. 
At about 10:00 a.m., the Project Leader dis- 
patched the Forest Service Fishery Biologist 
to monitor Panther Creek for possible im- 
pacts. A monitoring station was established 
about 3 miles above the mouth of Panther 
Creek and approximately 32 miles from the 
suspected jettison area. Waterflow was com- 
puted at 382 cubic feet per second at that 
station. Water samples and aquatic insect 
drift were taken at 1% hour intervals from 
12:30 p.m. through 6:30 p.m. Additional in- 
dividual water samples were taken during the 
afternoon by the fishery biologist at other 
points in Panther Creek. 


Samples were taken at 5:20 p.m. above the 
mouth of Musgrove Creek, 5:40 p.m. above 
the mouth of Blackbird Creek, and 6:00 p.m. 
above the mouth of Napias Creek. 


Upon return of the Monitor Coordinator 
from the field at noon, he was notified of the 
crash and was assigned to investigate the jet- 
tisoned load. The fishery and big-game biolo- 
gists of the Idaho Fish and Game Depart- 
ment were notified and briefed. 


Computations by the observer assigned to 
the PB4Y2 indicated that between 350 and 
730 gallons of insecticide had been dumped. 


The spray plane pilot, the observer, and 
the observer plane pilot each reported differ- 
ent locations for the jettisoned load. An in- 
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tensive search in these areas was made. 


At 1:00 p.m. on July 18, the site was found 
about 1% mile up Fourth of July Creek 
(fig. 36). This is a small drainage which emp- 
ties into Panther Creek from the west about 
1 mile above Forney and about 35 miles 
above the mouth of Panther Creek. Spray 
materials were spread over an area approxi- 
mately 200 feet long and 150 feet wide. 


Fourth of July Creek was running a maximum 
flow of 5.2 cubic feet per second that day, and 
ran almost through the center of the dump 
site. There was no question that insecticide 
had entered the stream, but it was impossible 
to determine how much. 


Additional water samples were taken at 
2:05 p.m. on Fourth of July Creek about 4 
mile below the site, and 2:40 p.m. on Panther 
Creek about 1% mile below Fourth of July 
Creek. 


No water for any type of domestic use 
was being taken from Fourth of July Creek. 


Cattle were not seen near the drop site when 
it was found. The forest ranger indicated the 
stock was supposed to have been moved to 
another unit of the allotment several days 
before. Later reports indicated that cattle 
were seen in the immediate area, however. 


Idaho Fish and Game Department person- 
nel were informed the next morning of finding 
the site. The two biologists were taken for 
an aerial flight over the area to note the exact 
site. Plans were then formulated for additional 
monitoring of the effects on the aquatic en- 
vironment. 


On July 20, Forest Service crews used an 
electric shocker to sample wild fish from just 
below and just above the drop site on Fourth 
of July Creek, and from Panther Creek, 
about 1% mile below and % mile above 
the mouth of Fourth of July Creek. Aquatic 
submergent vegetation samples were taken 
at each of the same four locations. In addi- 
tion, aquatic insect bottom samples were 
taken from 10 square feet of stream bottom 
in each of the four locations. The same type 
of sampling was done at the same locations 
during October 19-22, 1964. 


Water, fish, and aquatic vegetation samples 
were sent to the Agricultural Research Ser- 
vice Laboratory for analysis of DDT residues. 


Results of all sampling are as follows: 


1. Lower Panther Creek monitoring sta- 
tion. Thirteen water samples represent- 
ing each 14% hour period from 12:30 
p.m. to 6:30 p.m. on July 17, showed 
less than 0.2 ppb DDT per sample. 


Aquatic insect drift samples showed no 
increase in numbers over this same 
period of time. This monitoring station 
was about 32 miles below the spray 
dumpsite. It is probable that water 
passing the site when the dump occurred 
(approximately 6:35 a.m.) had _ not 
reached the monitoring station by the 
end of the collecting period. Spray ma- 
terials either had not reached the sta- 
tion or had been so diluted that impacts 
could not be detected. 


2. Water samples. Other samples taken on 


July 17 and 18 showed less than 0.2 ppb. 

3. Wild fish, aquatic vegetation, and bot- 
tom aquatic insects sampling. Results 
are reported in table 41. 


There is little question but what a sub- 
stantial amount of DDT entered Fourth of 
July Creek and caused higher contamination 
of aquatic life than found anywhere else with- 
in the project. Both wild fish and aquatic 
vegetation in the stream immediately below 
the dump site had a high level of residue con- 
tents when sampled 3 days after the jet- 
tisoning. Levels continued to rise sharply dur- 
ing the next 3 months. 


This same pattern did not occur in Pan- 
ther Creek just below Fourth of July Creek. 


Although levels started out at about 2 ppm 
for fish and aquatic vegetation just after jet- 
tison, there was an insignificant rise for fish 
and 50 percent reduction for aquatic vegeta- 
tion in the following 3 months. Dilution 
by a much larger volume of water running 


Table 41. DDT residues in wild fish and aquatic vegetation, and the number of bottom 
aquatic insects sampled in conjunction with jettisoned load of insecticide on 


Fourth of July Creek’ 








Fish Aquatic Bottom 
Crude Total vegetation aquatic insects 
Location ae Fish sample lipids DDT Total DDT —‘Total 
(1964) description (percent) (ppm) (ppm) numbers 
nee re ————————————— EE ee eee 
Fourth of July Creek 
Above dump 7-20 Rainbow 4.0 2.02 PAY: 108 
10-19 3 rainbow, )] 3.22 291 374 
1 cutthroat, 
3 Dolly varden 
Below dump 7-20 Rainbow 2.9 10.96 3.65 104 
10-19 3 rainbow, OeL 26.24 11.04 111 
1 cutthroat 
Panther Creek 
Above 4th of July 
Creek 7-20 Rainbow 3.0 1.82 .256 30 
10-19 4 rainbow 2.4 446 .086 33 
Below 4th of July 
Creek 7-20 Rainbow 4.0 2.28 1.76 26 
7-20 Whitefish 6.7 2.64 
10-19 2 whitefish, Zl 2.56 .085 22 


1 rainbow 


1Agricultural Research Service mimeographed report PCY-65-14, 1965. (On file with Entomology Re- 


search Div., ARS, Yakima, Wash.) 


in Panther Creek no doubt reduced the im- 
pacts of the high concentration of DDT which 
came out of Foyrth of July Creek. 


Aquatic insects did not react as might be 
expected. The increase above the dump site 
could have been expected. A lack of any 
significant change below the dump site can- 
not be explained, especially since numbers 
remained at three times those found any time 
on either Panther Creek site. Panther Creek 
exhibited small populations both times in 
both locations. This creek is known to be 
quite sterile, however. 


TBM Crash 


On July 20, 1964, one of the TBM planes 
landed about 100 yards north of the upper 
end of a tributary drainage on the north side 
of Dahlonega Creek (figs. 36 and 39). The 
crash site was in Montana just outside the 
project area. 

The pilot had made only one short spray 
run after reloading, so his plane contained 
almost a capacity load of 700 gallons when it 
crashed. 


Figure 39. The TBM crash site, looking from 
Montana side south towards the tributary of 
Dahlonega Creek where pilot had been spray- 
ing. Helispot cleared for access to crash site. 
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The first investigator at the crash site re- 
ported that the pilot was killed and the entire 
spray load had been carried with the plane 
into the crash site. There was no open water 
close by, and no spray could possibly have 
reached open water. This was verified by the 
Monitor Coordinator and Forest Service Fish- 
ery Biologist during a flight over the area. 


TEST USE OF BURETTES FOR 
WATER SAMPLING 


Several methods are used to take samples 
of running water for analyses of contamina- 
ants. In standing water the problem of sam- 
pling is easily resolved since stable contamin- 
ants will usually remain in place for long 
periods of time. In running water, however, 
the problem of proper sampling becomes com- 
plicated because foreign materials are usually 
flushed rapidly downstream. In addition, they 
may have entered the water at several points 
along a stream causing the materials to drift 
downstream in separate bodies or blocks. Each 
block may vary in concentration, and within 
each block a gradation in concentration may 
be expected. The size or length of blocks can 
also vary. 

If the sampling procedure consists of dip- 
ping a water sample from a stream at deter- 
mined intervals of time, several difficulties 
arise. A dip sample taken at regular inter- 
vals may miss a moving block of material or 
may be taken when a diluted portion of the 
concentration is moving through the sampling 
station. In streams with exceedingly fast flow 
velocities, the first possibility becomes a high 
probability unless the sampling frequency is 
increased. If the numbers of samples are 
increased, laboratory analyses costs will also 
increase, however. 


The use of devices such as burettes or char- 
coal filters could solve some of the problems 
of water sampling for insecticide materials. 
Charcoal filters placed in a stream could 
yield a continuous sample. But, procedures 
for extracting DDT from the charcoal are 
complicated and the rate of recovery is not 
consistent. Use of a burette is advantageous 
in that it may be calibrated to take desired 


volumes of water over predetermined time in- 
tervals. A trial was made during this project 
to compare continuous burette stream sam- 
pling with dip sampling. 

Burettes used for this testing were cylin- 
drical pyrex funnels with open top and stop- 
cocks. To make sure of continuous water 
mixing in the top of the burette, a large top 
with a 125 milliliter capacity was used. The 
burette was attached to a board for the pur- 
pose of anchoring. A rubber tube was attached 
to the bottom of the funnel to direct the water 
into a collection container. The device was 
then anchored at a point in the stream allow- 
ing enough drop in elevation for gravity flow 
from the burette to the collection container. 


The stop-cocks were so graduated to yield 
samples of 1 pint of water over a 15-minute 
period, or 1 gallon in one hour. 


Burette samples collected July 9 from 
Hughes Creek were individual samples con- 
sisting of 1 pint of water per 15-minute 
period. Those of July 11 were gallon samples 


Figure 40. Burettes with stop-cocks and a 
length of hose were (a) fastened to a board, 
(b) lowered into the stream, and (c) gravity 
flow provided a continuous steady deposit 
into a container. The amount of water could 
be regulated to obtain a sample of desired 
quantity for a set period of time. 





collected in 1 hour. The results of water 
sampling by this method are shown in table 
9. 

Data collected from Hughes Creek on the 
latter date demonstrate the advantage of the 
burette. During the sampling period from 5:20 
a.m. to 9:25 a.m., a total of eight dip and 
four burette samples were taken. Three of 
the burette samples contained measurable 
amounts of DDT while only one dip sample 
showed positive results. From these data it 
appears that several blocks of DDT passed 
the sampling station. The blocks were evi- 
dently separated since most dip samples 
showed negative results. In one instance, dip 





sample number 57, showed 0.24 ppb DDT 
while the corresponding burette samples 
showed nothing. This could have occurred 
because a very short or small block of insec- 
ticide passed the sampling station as the dip 
sample was collected and the capacity of the 
burette was not enough to capture sufficient 
insecticide for detection after dilution over 
the entire sampling period. If this were the 
situation, it could probably be overcome by 
decreasing the sampling period duration. 


As mentioned previously, burette water 
sampling indicates that insecticide reaching 
streams may drift downstream in separated 
blocks. Therefore, concentrations of insecti- 
cide within an individual block would, in all 
probability, be higher than measured for the 
complete sample. When such blocks do occur 
they can be expected to spread out and be 
diluted as they move downstream. 

Apparently burettes are more apt to pick 
up contaminants, if present, from streams. 
Concentrations measured in a burette sample 
are a leveling out of variations that may ac- 
tually have occurred. Thus, the findings, pro- 
vide indications and trends, which are more 
evident by this technique than by dip sam- 


pling. 
SPRAY DISTRIBUTION STUDY 


Hughes Creek flows east into the North 
Fork of the Salmon River. The stream varies 
from 3 feet wide in the upper reaches to 200 
feet in lower areas where there are beaver 
dams. Canyon slopes vary in steepness from 
slight up to 90 percent. Slopes, from stream 
to highest points of test, average 38 percent. 
The timber type is generally Douglas-fir with 
varying amounts of ponderosa pine mixed in. 

The Hughes Creek drainage was used for a 
special test site in 1963 and again in 1964. 
Application rates in 1964 are illustrated in 
figure 41. 


All spray pilots were given special ground 
and flight orientations to be sure they were 
acquainted with procedures, distances, and 
general terrain. Forest Service observers in 
observer craft were used to help guide the 
spray pilot, check calibration, observe any 


—<——_—_——_ 


Figure 41. This diagram shows the pattern 
of spray application on Hughes Creek. 


TBM, |” DDT/gal./acre 
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errors in spraying and record area treated on 
an aerial photo mosaic. 


Three helicopters sprayed on July 9. Spray- 
ing started at 4:35 a.m., and was completed 
by 9:50 a.m. The winds ranged from calm up 
to a maximum of 5 mph, and temperatures 
ranged from 45° to 65° F. There was a scat- 
tered cloud cover. 


Two TBM’s sprayed on July 11. Areas 
nearest to streams were flown first to take 
advantage of the best weather conditions and 
to insure completion of the test. This spray- 
ing also was started at daybreak, 4:35 a.m. 
Spraying was stopped at 10:15 a.m. because 
some breakup of spray pattern was observed. 
All areas within 1 mile of the streams were 
completed by this time. Weather conditions 
were the same as on July 9, except the sky 
was clear. 


Comparison of Dye-cards and 
Filter-paper Samplers 


A comparison study of dye-cards and filter- 
paper samplers was suggested by Mr. Kenneth 
Walker of Agricultural Research Service. The 
filter-paper samplers were made up, furnish- 
ed, and later analyzed by the Agricultural 


Research Service. Setting out card lines was 
under supervision of Forest Service project 
personnel. 


Oil-sensitive dye-cards are 4”x5” pieces 
of a special grade paper coated with a red 
dye. When a drop of oil strikes the treated 
surface of the card it makes a circular spot 
six to eight times the diameter of the drop. 
The quantity of spray deposited on the card 
is estimated by comparing the drop pattern 
with the drop patterns on a series of stan- 
dards. These are reproductions of cards bear- 
ing spot patterns from known quantities of 
spray deposit. This dye-card method is not 
as accurate as the more complex chemical 
methods for determining spray deposits, but 
has been accepted as adequate for aerial spray 
field work. It is commonly used as an indica- 
tion of whether or not spray is reaching the 
ground, rather than as a true indication of the 
amount applied. 


The filter-paper samplers consisted of two 
4” x 5” No. 1 filter-paper sheets, stapled to a 
4” x 5” chipboard backing. Laboratory an- 
alysis of each filter-paper sampler was made 
to give micrograms of DDT per square inch 
of surface. 


Spray distribution was analyzed by locating 
eight card transects across Hughes Creek and 
the large tributaries. Each card transect con- 
sisted of 21 points on each side of the stream 
set out at a right angle to the channel. The 
first point in each case was on the stream- 
bank. Points were located 1 chain apart, 
horizontal distance, and the lines extended 
20 chains up the slope. A different set of cards 
was used for each day’s spraying. An oil- 
sensitive dye-card and filter-paper sampler 
were placed at each point. Each card and 
sampler was secured with a large nail, and was 
marked to identify date, transect number, and 
location in transect. The cards used for the 
July 11 spraying were subjected to light rain 
showers during the night but the moisture did 
no apparent damage to the cards. 


Both of these sampling techniques give only 
approximations of distribution of application 
as identified from sampling amounts reaching 
the ground. The timber canopy intercepts the 
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major portion of the spray. Where possible, 
the cards were placed in canopy openings 
to avoid interception. 


After the areas had been sprayed, the oil- 
sensitive dye-cards and the filter-paper sam- 
plers were collected. Interpretation of dye- 
cards by visual comparison with the standards 
showed considerable variation in amount de- 
posited. The lower limit of interpretation of 
amount deposited was 0.01 gallon per acre 
(also 0.01 pound DDT per acre). 


Each filter-paper sampler was folded face 
to face and stapled. This procedure prevented 
loss of DDT from the sampler and prevented 
contamination of one sampler by another. 


Samplers were sent to the Agricultural Re- 
search Service Laboratory for analyses. Ex- 
traction, cleanup, and analytical procedures 
used were as follows:! 


Extraction 


Each sampler was extracted for 14% hours 
in a Soxhlet extractor with n-hexane as the 
solvent. After extraction, the extract was 
made to 50 ml. volume and stored in screw 
cap glass bottles under refrigeration. 


Cleanup 


None required. Note: The presence of the 
dye from the oil dye cards did not inter- 
fere with the analysis. 


Analytical 


Stiff, H.A. and J.C. Castillo. A colorimetric 
method for the microdetermination of 2,2- 
bis (p-chlorophenyl) 1,1,1-trichloroethane 
(DDT). Science 101:440-443, 1945. 


The lower limit of the analytical method 
for analyzing filter-paper samplers was 0.05 
micrograms DDT per square inch. Below that 
was shown as “ND” (no detection) in the 
above quoted ARS report. All results were 
converted to “pounds per acre” in other tables 
in that report and the non-detectable amounts 
were shown as less than .001 pound per acre. 


Analysis of individual transects showed 


1Agricultural Research Service mimeographed 
report PCY-64-21, 1964. (On file with Entomology 
Research Div., ARS, Yakima, Wash.) 
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great variability in amounts deposited and in 
distribution (tables 42-45). This is to be ex- 
pected since timber canopy, topography, local 
weather conditions, and flight patterns all 
vary from point to point and time to time. A 
composite of the eight transect readings were, 
therefore, averaged for the various distances 
from the stream to give the spray distribu- 
tion and amount deposited at ground level 
(fig. 42). 


It is apparent from the data in these tables 
and diagrams that filter-paper samplers more 
reliably show the smaller quantities of DDT. 


The lower limit of confidence for interpreting 
dye-cards is 0.01 pound per acre whereas for 
filter-paper samplers it is 0.001 pound per 
acre. When very small amounts of insecticide 
reached the stream, they could be measured 
by filter-paper sampling. 


There was a slight peaking of spray deposits 
near the stream at the canyon bottom. The 
exact cause is not known, although it appears 
to have been the settling of fine particles from 
both sides of the stream at the coolest or 
lowest level. This stacking effect was more 


er EC CSS. OO 


noticeable for fixed-wing planes than for heli- 
copter spraying. 


When the fixed-wing planes were operated, 
there was a slight breeze from the north. 
This could have carried spray mist away from 
the north slope and onto the south slope. The 
graphs show more variation on the north side 
than on the south side of the stream. 


Correction, or spread factors, are used for 
interpreting results on dye-cards from the 
set of index cards. Throughout the spray pro- 
ject, and for this particular comparative test, 
the spread factor of 5.50 was used. Results in 
the tables and graphs are based on this 
spread factor. Readings for measurable 
amounts were all quite high, about double the 
amounts found on the filter-paper samplers. 


Interpretations were made for a number of 
dye-cards using a spread factor of 7:50. Re- 
sults are not shown here, but they did indi- 
cate interpretations much closer to filter-paper 
sampler results than when 5.50 was used. If 
additional use is made of dye-cards for mea- 
suring applications of similar formulations, 
the 7.50 spread factor index should be used 
but it should also be checked again. 


Figure 42. The TBM and helicopter spray distribution (the average rate by distance from 


the stream) is shown for Hughes Creek, 1964. 
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FOREWORD 


In 1963 and 1964, the United States Forest 
Service and Idaho Fish and Game Department 
conducted an evaluation of Forest Service 
proposed stream protection measures during 
aerial spraying of forest areas with DDT for 
the control of spruce budworm. The data and 
analyses of the Fish and Game Department 
are presented in this report. 


Forest Service personnel contacted repre- 
sentatives of the Fish and Game Department 
in the spring of 1963 to inform them of plans 
to spray large blocks of the Salmon and 
Challis National Forests with DDT in the 
summer of 1963. These areas are important 
watersheds of chinook salmon (Oncorhynchus 
tshawytscha) and steelhead trout (Salmo 
gairdneri) streams in the Salmon River drain- 
age. Forest Service personnel proposed a 
spray application program which they be- 
lieved would provide adequate DDT spray 
distribution for budworm control, and cause 
only minimum damage to the aquatic organ- 
ism populations, especially the salmon and 
steelhead trout. Some forest areas in the Sal- 
mon River drainage had been sprayed with 
DDT in past years. The effects of such spray 
projects on aquatic organisms had not been 
assessed, however. There are numerous re- 
ports in the literature of varying degrees of 
mortality to aquatic insects and fish as a re- 
sult of spraying forests with DDT. Conse- 
quently, the recommendations of the Idaho 
Fish and Game Department, in 1963, were 
of necessity based on the results of DDT 
spraying programs conducted elsewhere and 
reported in the literature. 


The only report found by the authors 
where significant fish or aquatic insect mor- 
tality did not occur as a result of aerial spray- 
ing with DDT was that of Todd and Jackson, 
1961. The special precautions to avoid get- 
ting DDT in the streams included: (1) a 
strip approximately 14 mile wide on either 
side of the main stems of major streams was 


left unsprayed; (2) DDT was applied at a 
rate of 0.25 pound per acre; and (3) smoke 
bombs were used to mark streams and iden- 
tify ground wind drift conditions. 


The Fish and Game Department recom- 
mended to the Forest Service that the areas 
in the Salmon River drainage be sprayed in 
a like manner. This recommendation was be- 
lieved necessary because of the important 
salmon and steelhead resources involved and 
because the stream protection measures pro- 
posed by the Forest Service had not been 
tested. 


Forest Service personnel believed that ade- 
quate spruce budworm control could not be 
obtained if the DDT was applied as recom- 
mended by fishery biologists of the Fish and 
Game Department and Forest Service. To 
resolve the problem, spraying in the Salmon 
River drainage was postponed for a year to 
test the spray program on a small drainage. 


In 1963, the Forest Service and the Idaho 
Fish and Game Department conducted an 
evaluation of Forest Service proposed stream 
protection measures on Hughes Creek, a small 
stream located in the Salmon National Forest. 
The application plan specified a 100-foot 
wide nonspray strip and a 300-foot wide 
strip sprayed with a concentration of 0.5 
pound DDT per acre by helicopter. A 600- 
foot wide strip was sprayed with a concen- 
tration of 0.5 pound DDT per acre by fixed- 
wing aircraft, and the remainder of the test 
area was sprayed with a concentration of 1 
pound DDT per acre by planes. 


In 1964, the Forest Service decided to spray 
500,000 acres of the Salmon National Forest 
using stream protection measures similar to 
those tested in the 1963 spraying of the 
Hughes Creek drainage. The application plan 
specified a 300-foot wide nonspray strip, a 
400-foot wide strip sprayed with helicopters 
at a rate of 0.5 pound DDT per acre, and the 


remainder of the forest sprayed by planes at 
a rate of 1 pound DDT per acre beginning 
700 feet from the stream. 

Within the 1963 Hughes Creek project 
the spruce budworm mortality in the 0.5 
pound DDT per acre areas was significantly 
less than the 1 pound DDT per acre spray 
areas. The Forest Service, therefore, desired 
to conduct another experimental spray project 
on Hughes Creek. In 1964, a spray applica- 
tion program designed to use a concentration 
of 1 pound DDT per acre was tested. The 
original plans for this study specified a 100- 
foot nonspray strip. Just previous to begin- 


ning this study, monitoring work on the main 
1964 spray project showed that helicopters 
could not spray down to within 300 feet from 
the stream without depositing excessive 
amounts of spray in the stream. Conse- 
quently, the 1964 Hughes Creek application 
pattern was redesigned. The nonspray strip 
was widened to 400 feet; the adjacent 400- 
foot strip was sprayed with a concentration 
of 1 pound DDT per acre by helicopters. The 
remaining area was sprayed with a concentra- 
tion of 1 pound DDT per acre by fixed-wing 
aircraft. All formulations were at the rate of 
1 gallon fuel oil carrier per acre. 
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SUMMARY 


In 1963, the U. S. Forest Service proposed 
spraying a large block of the Salmon River 
drainage for control of the spruce budworm. 
Original plans called for spraying up to within 
100 feet of the streams with a helicopter ap- 
plying 0.5 pound DDT per acre. A test area 
(Hughes Creek) was sprayed to determine 
if the spray application program proposed 
by the Forest Service would keep DDT out of 
the streams. 

The spray distribution, as measured by a 
number of spray card lines, tended to be more 
protective of the stream than had been 
planned. The average width of the nonspray 
strip (less than 0.1 gal/A), was 300 feet 
rather than 100 feet as planned. 


DDT caused insect and fish mortalities did 
occur. The more serious mortalities, how- 
ever, occurred in or immediately below the 
mouths of unprotected tributary streams. 

In 1964, Hughes Creek was sprayed again 
to test a revised application plan based on 
results of the 1963 tests. This plan called for 
helicopters to spray 1 pound DDT per acre 
to within 400 feet of all streams flowing more 
than 5 cubic feet per second. The spray was 
distributed very nearly as planned. The heli- 
copter spray strip averaged 478 feet from the 
stream instead of the proposed 400 feet. 

Spraying by fixed-wing, single engine air- 
craft caused substantially higher aquatic in- 
sect losses than the spraying by helicopters. 


———— TE 
Figure 1. Salmon City area showing the Hughes 
Creek spray program test area in relation to the 
control stations and to the general spray, 1964. 





THE TEST AREA 


The Hughes Creek drainage, a tributary of 
the North Fork of the Salmon River, was 
chosen as the test area (fig. 1). 

Hughes Creek is a small stream (mean 
flow approximately 20 cfs) with only limited 
natural populations of chinook salmon and 
steelhead trout. The steepness of the Hughes 
Creek drainage is representative of the main 
spray project area. The vegetative canopy 
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over Hughes Creek is quite dense and repre- 
sentative of streams of similar size. Large 
streams would not have as extensive protec- 
tive canopy to intercept spray. The spray 
area varies in altitude from 4,000 feet to 
6,500 feet with a mean altitude of approxi- 
mately 5,000 feet. Total acreage of the 
Hughes Creek spray area was approximately 
16,000 acres. 
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THE PROPOSED APPLICATION 
PROGRAM 


1963 


The stream protective measures to be eval- 
uated consisted of (fig. 3): (1) an unsprayed 
strip approximately 100 feet wide on both 
sides of designated streams; (2) adjacent to 
the unsprayed strip, a strip 300 feet wide to 
be sprayed by a helicopter with a concentra- 
tion of 0.5 pound DDT per acre; (3) adja- 
cent to the 300-foot wide strip, a strip 600 
feet wide to be sprayed by a TBM-type air- 
craft with a concentration of 0.5 pound DDT 
per acre; and (4) the remainder of the area 
to be sprayed by a fixed-wing aircraft with 
a concentration of 1 pound DDT per acre. 

Stations T-4 and T-5 were located on Ditch 
Creek which received no special protective 
measures. 
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1964 


The DDT spray application program for 
1964 consisted of (fig. 4): (1) an unsprayed 
strip approximately 400 feet wide on each 
side of streams with a flow of 5 cfs or larger; 
(2) the next 400-foot strip was sprayed by 
helicopter with a concentration of 1 pound 
DDT per acre; and (3) the remaining area 
was sprayed by single engine plane with a con- 
centration of 1 pound DDT per acre. Streams 
smaller than 5 cfs received no special pro- 
tection. 

Weather stations were set up in the test 
area to monitor wind speed and air temper- 
ature. Spraying was suspended when the wind 
exceeded 6 miles per hour or the air temper- 
ature 68° F. 
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SPRAY DISTRIBUTION 


1963 


Helicopter spray with 0.5 pound DDT was 
done on June 30. Spraying by the fixed-wing 
aircraft with 0.5 pound DDT was completed 
on July 1, and the 1 pound DDT mixture 
was sprayed on July 2 and 3. 


Distribution of the spray materials reach- 
ing the ground near the streams was deter- 
mined from oil-sensitive cards which were 
placed along 12 predetermined lines each day 
before spraying (fig. 2). Forest Service per- 
sonnel devised the following system whereby 
each day the relative distribution of spray 
reaching the ground could be determined. 


Five series of cards were set out on each 
of the 12 lines (SL-1-N, SL-1-S, - - -, SL-6-S) 
during the 4 days of spraying." 


Series 1 cards were put out at the first 
eight stations of each line to measure the 
distribution of the first day's spray by the 
helicopter. These stations were located 1 
chain horizontal distance apart beginning at 
the stream edge. 


Series 2 cards were placed at all 20 stations 
on each line both the first and second days 
to measure the spray distribution by both 
helicopter and TBM spraying the 0.5 pound 
mixture. 


Series 3 cards were put out on the second 
morning to measure only the distribution by 
the TBM spraying the 0.5 pound mixture. 


Series 4 cards were put out during the third 
morning of spraying to measure TBM distri- 
bution of the 1 pound per acre mixture adja- 
cent to the 0.5 pound spray concentration 
areas. 


Series 5 cards were put out each morning 
of spraying to measure the distribution of 
spray obtained by all aircraft and mixtures. 


1Kach spray card was marked with symbols to 
designate the station number and also the side of 
the stream on which the line was located. The 
symbols “SL-1-S” mean: spray card line number 1, 
south side of stream. 


The oil-sensitive cards showed that the actual 
spray concentrations and distribution were 
more protective of the stream than had been 
planned. (fig. 5). 


Concentrations of more than 0.1 gallon 
spray per acre (smallest concentration readily 
recognizable on cards) were found on only 
one card line (SL-4-S) of cards placed in the 
proposed 100-foot nonspray strip. The aver- 
age width of the strip on each side of the 
stream that received less than 0.1 gallon of 
spray per acre was 300 feet. 


The 0.5 pound rate application by the 
TBM was not found to overlap into the pro- 
posed helicopter strip on any card lines. The 
average distance from the stream to the start 
of the 0.5 pound DDT spray by TBM 
was more than 800 feet rather than the pro- 
posed 400 feet. The 1 pound DDT spray rate 
by TBM was to have started about 15 chains 
from the stream. Evidence of the 1 pound 
DDT concentration of spray reaching the 
ground within 20 chains of the stream was 
found on only 4 of the 12 card lines (fig. 5). 


1964 


DDT spray was applied by helicopters on 
the strip adjacent to the nonspray strip on 
July 9 and 10. The remainder of the forest 
area up to 6,000 feet in elevation was sprayed 
by fixed-wing planes on July 11. Because of 
slower budworm development, the area above 
6,000 feet elevation was not sprayed until 
July 16 and 17. 


The distribution of spray reaching the 
ground near the streams was determined by 
placing oil-sensitive cards and filter-paper 
samplers on 16 predetermined lines (fig. 6) 
each day before spraying began. Each day, 
after spraying had ceased, the cards were 
picked up. 


Two series of cards were set out during 4 
of the 5 days of spraying. Spraying on the 
fifth day was conducted on the extreme upper 
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end of Ditch Creek above any card lines so 
no cards were set out. Sixteen lines of sta- 
tions were located and identified in the same 
manner as in 1963. 


Series 1 cards were put out at each station 
of each card line on the first and second day 
of spraying to determine the distribution of 
spray from the helicopters. 


Series 2 cards were placed at each station 
of each card line on the third and fourth day 
of spraying to determine the spray distribution 
from the fixed-wing aircraft. 


As determined by using the oil-sensitive 
cards as indicators of distribution, the spray 
application was fairly close to the proposed 
pattern. If less than 0.1 pound DDT per acre 
was indicated on a card, that particular card 
was assumed to have not been within a spray 
swath. Spray in excess of 0.1 pound per acre 
was found on cards placed in the nonspray 
area on 8 of the 16 card lines. Only one of 
these card lines (SL-5-S) however, showed 
more than trace amounts of spray closer to 
the stream than 330 feet (fig. 7). 


The average width of the nonspray strip 
on each side of the stream, as determined 
from the oil-sensitive card lines, was 478 feet 
rather than the planned 400 feet. 


TBM aircraft spraying appeared to be over- 
ly conservative for stream protection with only 
4 card lines out of 16 showing spray within 
1 chain of the proposed 800-foot mark. The 
lower edge of spray from TBM aircraft aver- 
aged 945 feet from the stream instead of 800 
feet (fig. 7). 


On one card line (SL-2-N, fig. 7) no spray 
from the helicopter or plane was deposited 
within 20 chains (1,320 feet) of the stream. 
This was no doubt due to protection which 
was afforded the confluence of Ditch Creek 
and Hughes Creek by the planned protection 
widths. On another card line (SL-6-S, fig. 7) 
no spray from planes was deposited within 
20 chains of the stream. 


Spray distribution in 1964 was also evalu- 
ated by the use of 4 x 5-inch filter-paper 
samplers (fig. 8). 
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The concentration of DDT upon these pa- 
pers was determined by quantitative analysis 
at the Agricultural Research Service Labora- 
tory, Yakima, Washington. The lower limit 
of the analytical method employed was 0.001 
pound of DDT per acre. According to their 
findings, the average distance that helicopters 
deposited spray (0.1 lb./A or more) from the 
stream was 639 feet, compared to 478 feet as 
shown by the oil-sensitive cards. The aver- 
age distance from the stream to the edge of 
spray deposited by TBM aircraft was 1,122 
feet compared to 945 feet as shown by the 
oil-sensitive card data. 


The average pounds of DDT per acre for 
all types of application at 1-chain intervals 
from the stream as found on the filter-paper 
samplers is summarized in table 1. 


According to these data, concentrations of 
DDT averaged higher for stations immediately 
adjacent to the stream than for those stations 
66, 132, and 198 feet back from the stream. 
This suggests that some of the spray, or finer 
“mist,” tended to settle at the lowest part of 
the slope and explains, in part, how some DDT 
got into the stream. 


The average concentration of DDT reach- 
ing the ground in the helicopter 400-foot spray 
zone was .062 pound per acre and for the 
fixed-wing aircraft spray zone, it was .110 
pound per acre. 


It should be pointed out that some of the 
spray cards were possibly not hit by spray 
because of the “shading” effect of overhang- 
ing tree branches, tall weeds, or wind cur- 
rents. Precaution was taken while placing the 
card stations to position them in the best 
available location so that any variation caused 
by ‘shading’ would be minimized. The use 
of cards is recognized as a technique for samp- 
ling an area and is not expected to measure 
precisely the distribution of spray materials 
for the area sampled. A total miss on a card 
does not necessarily mean a total miss in the 
area sampled. A hit on a card usually denotes 
spray in the sampled area. 
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Table 1. The distribution of DDT near the stream in average pounds of DDT per acre, 
as determined from 4x 5-inch filter-paper samplers’ 


; : Range in 
Chain number Distance from Average Ib. DDT/A. Number samples 
(all transects) stream in feet lb. DDT/A. ae io cueees Highs analyzed 
Unsprayed 
0 0 .009 .047 16 
1 66 .006 eR lA 15 
2 132 .005 .010 18 
3 198 .007 .026 15 
4 264 .010 .040 21 
5 330 .028 .263 19 
6 396 .042 .205 21 
Average 0 through 6 .015 
Helicopter 
7, 462 .070 ye) 25 
8 528 ‘O52 LL, 23 
9 594 .056 .292 24 
10 660 .052 .350 Pi 
11 726 .078 465 27 
Uy: 792 .066 .504 25 
Average 7 through 12 .062 
Fixed-wing 
13 858 .078 .606 26 
14 924 .102 825 24 
15 990 .067 405 24 
16 1056 .158 761 23 
NZ. 1122 .189 .613 20 
18 1188 AWA 1.239 22 
19 1254 .082 .350 21 
20 1320 .033 Ley) 5 
Average 13 through 20 .110 
Average 0 through 20 .065 


1Samplers were placed on perpendicular card lines from the stream at I-chain intervals, 1964. me 
20ne or more Si pide in each transect contained less than 0.001 pound of DDT/A, the lower limit of 


the analytical method employed. 
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ANALYSIS OF WATER SAMPLES 
FOR DDT 


1963 


Subsurface water samples were collected 
hourly during spray days at each of the test 
stations. The samples were dipped from the 
stream in 2-quart glass jars, labeled, and 
later analyzed for DDT concentration, by 
means of a gas chromatograph, at the Idaho 
State Department of Agriculture laboratory. 


Only small quantities (.0001-.0003 ppm) of 
DDT were found in one sample taken at each 
of test stations 2, 3, and 4, and in two samples 
taken at each of test stations 6 and 7. The 
quantities of DDT found in the samples may 
or may not have been the maximum amount 
present in the stream at any one time since 
these were hourly-dipped samples instead of 
continuous samples. 


From these results it is evident that if much 
spray materials did get into the streams, the 
technique did not properly sample the amount; 
or, if the water was adequately sampled, only 
minute amounts caused measurable effects as 
is shown later in this report. 


1964 


During the 1964 study, water samples were 
dipped from the stream at 15-minute inter- 
vals from test stations 2, 3, or 5 on each day 
of spraying activity. Sampling began at 4 a.m. 
and continued until 2 p.m. 


These subsurface water samples were col- 
lected in 1-gallon tin-plated cans. The analysis 
of the water samples for DDT was conducted 
at the U.S. Agricultural Research Service Lab- 
oratory in Yakima, Washington, by means of 
a gas chromatograph.' 


The concentration of DDT in the water 
samples ranged from less than 0.2 part per 
billion (the lower limit of sensitivity of the 


1 Agricultural Research Service mimeographed 
report PC4-64-22, 1964 (On file with Entomology 
Research Div., ARS, Yakima, Wash.) 
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method used) to a high of 162.8 parts per 
billion. The higher value was for a water 
sample taken from a slough just off Hughes 
Creek that had a noticeable oil slick on the 
water surface. 


Increased DDT concentrations in the water 
samples did not correspond with increases in 
the number of insects collected in drift sam- 
ples in every instance (fig. 9). At test sta- 
tion 2 the increases in drifting insects were 
quite small, as were the increases in DDT con- 
centrations. On July 17, however, one water 
sample taken at 7:45 a.m. contained 4.2 ppb 
of DDT, but no increase in the number of 
drifting insects was detected. 


At test station 3 on July 9, the number 
of drifting insects increased to some 80 in- 
sects per sample at 7 am., but the water 
samples did not exceed .44 ppb of DDT. On 
July 11, DDT concentrations in the stream 
reached a high of 2.6 ppb and drifting insects 
correspondingly increased to 555 insects per 
sample. 


Water samples were taken on only one 
day at test station 5. On July 10, the water 
samples showed a high of 4.76 ppb DDT and 
drifting insects also increased to a high of 100 
insects per sample. 


Water samples were taken at the C-2 con- 
trol station on July 8. All of the eight sam- 
ples taken showed less than 0.2 ppb DDT. 


Personnel of the Forest Service installed a 
burette in Hughes Creek at the T-1 station 
that was calibrated to take a 1-pint water 
sample over each 15-minute period. On July 
9, 33 of these samples were taken. On July 11, 
6 hourly burrette samples were taken, as 
well as 29 samples that were dipped from the 
stream. Upon analysis, 60 of these samples 
contained less than 0.2 ppb DDT and one 
sample contained a high of 0.6 ppb DDT.’ 


2Casebeer, Robert L., Monitoring the 1964 Spruce 
budworm aerial spray project, 1965. See section 
“test use of burettes for water sampling.” 


“WD 7 
“WD 6 


uayD4 
udxD4 uayxD} uayxD} ajduips on 
ajdwos on ajdwips on ajdws on (qdd) 


uayD} 
ajduips on 


ua}D} 
ajdwips on 


uayxD} 
ajduips oN 





‘wd y ‘wb ‘wD y 


App jo ou 


‘Wb ‘wD 


“wD 6 “WD 6 “WD 6 “UND 6 





=| 
eae ul 1qgq © 
=e 
wn 
ga 
Q 
= 
oO 
3 
mn 
(aynuiwm 4ad) 
spasul mes 
uaxD4 3 
d ‘ =f 
pe ey JajOmM Ul IGG ® 
= 
7a) 
=i 
Q 
= 
° 
ua}D} 5 
ajdwns on An 
(aynuiw sad) 
spasul Buiyug 
ua} 3 
ajdwns on X =] 
JaJOM Ul 1qGQq ° 
= 
wn 
= 
a 
= 
ae “ 
ajdwps on 
LL) 
(aynuiw sad) 
syoasul Buiyjug 


Zi Aing 91 Aine Lu Aine OL Aine Se g Ain 


‘POG ‘SU01}DIS aUlDS ay} LOf{ saaind ajduDs Af1p JOasul BY. YJIN palodwod aio 
saaino asayy, *G pun “¢ ‘GZ suoljnjs 18a} JD S]DALazUI aJNUIW-G]T 7D UaYyD} sajduns 1aj0m wu qq fo ‘qdd ui ‘uo1nsquaqU0) °*G ainsiq 





23 


MORTALITY OF FISH PLACED 
IN LIVE BOXES 


1963 
At each of the seven test and three control 
stations, three live boxes (18 x 30 x 24 inches) 
were placed in the stream. Chinook salmon 
fingerlings (3-4 inches in length) collected 
from the Lemhi River with an electric shocker 
were placed in one box. Steelhead trout fry 


(newly emerged) from a hatching channel on 
the Lemhi River were placed in the second 
box. Hatchery-reared rainbow trout finger- 
lings (2-3 inches in length) from the Mackay 
Hatchery were placed in the third box. All 
of these boxes were located in pools in the 
stream. Wood baffles were nailed on the up- 


Table 2. The number of chinook salmon fingerlings, steelhead trout fry, and hatchery- 
reared rainbow trout fingerlings found dead each morning during the live-box 


testing period, 1963 


(Spraying took place July 1, 2, and 3.) 





Test stations 


Control stations 





Date 1 2 3 4" 51 6 7 1 2 3 
Chinook salmon fingerlings 

JUNCELD cae 1 2 1 2 3 2 0 4 2 
June¢30 2 See 4 2 9 if 4 1 12 5 4 
ATUL 4 homey Sas ge. oe 0 0 0 1 0 0 1 1 0 
DOW 2 5 eee Oe 0 0 0 1 0 1 0 0 0 
SULY iS Canoe ease eee 1 1 1 0 1 3 0 1 0 
Duly gas ee meee 0 0 0 5 2 2 0 0 0 
Dolyso CU Can 0 0 0 1 0 0 1 0 0 
JUly:O 5 es Oe 0 0 0 0 0 0 0 0 0 
July Peer 0 1 0 0 0 0 0 0 1 
JULY TO oe ete 0 0 0 0 0 0 0 0 0 
July.0 eee 3 0 0 1 0 0 1 2 0 
Total number 

found dead .......... 9 6 11 18 10 9 15 He 7 
Live fish placed 

it. DOXt.ce tees 51 JZ 51 52 53 Sys 50 54 mys 
Percent mortality ...... 170m mulls Oo) aie Ome 34.0 eee Lee! 30.0°2. 24,0 seein 

Steelhead trout fry 

June}29.-cne ee 0 0 0 0 0 0 0 0 
J0neqoO 2 kee ee 0 0 0 0 0 0 0 0 
Jul Ye) .ayies seo ts 0 0 0 0 0 0 0 0 
July: 2 see es 0 0 0 0 0 0 0 0 
JULY 3 2 een te ees 0 0 0 0 0 0 0 0 
July AB te wee Boe 0 0 0 0 0 0 0 0 
Joly: Se ccege eee 0 0 0 0 0 0 0 0 
July 6: eee 0 0 0 0 0 0 0 0 
JULY. 7 Sees ees 0 0 0 0 0 0 0 0 
July: 8 ee 0 0 0 0 0 0 0 0 
Julys9 Seal eee 1 2 15 rf Ll 2 S 4 
Total number 

found dead .......... ] 2 hess if 11 2 & 4 
Live fish placed 

in DOX eters 72 98 98 100 94 100 98 96 
Percent mortality -..... 1.1 20 ¥5:3 7.0 117 2.0 onl 4.2 


A SR RR A SR RY a ES TI DS I SS GN EE RRS 





Table 2. (continued) 
Test stations Control stations 
Date 1 bin eh = a ES a 5 kelly Sa 
Hatchery-reared rainbow trout fingerlings 

(CLS 7 Ck ee 0 0 0 0 0 0 0 0 0 0 
NOG 10) pe iaaaeinaies 0 0 0 1 0 0 0 0 1 0 
DULY E) meree ne 21s 0 0 0 0 0 0 1 0 0 0 
U1) ¢ 02 4: eee 0 0 0 0 0 0 0 0 0 0 
Si es  o is Ren 0 1 0 0 0 0 1 0 0 0 
JOLY A tee ee 0 0 0 0 1 0 0 0 1 0 
Cl ate! a 0 0 0 1 0 0 0 0 0 0 
OU Ve Oye etree. esse, 0 0 0 1 0 0 0 0 0 0 
JV] eee a ee ee 2 2 2 0 0 0 0 0 0 1 
JA Pie re 0 0 0 0 0 0 0 0 0 0 
LRG Cee a ae 0 0 0 0 0 0 0 0 0 0 
Total number 

found dead _......... 2 3 2 3 1 0 2 0 2 1 
Live fish placed 

ink bDOX Pees oo. 49 50 50 50 50 50 51 49 48 50 
Percent mortality ...... 4.08 6 4 3 2 0 3.92 0 Anl 7-2 





1These stations were located on a stream that received no special protection. 
2No chinook salmon were placed at test station 5. 
3Steelhead fry were lost from the live boxes at test stations 2 and 6. 


stream sides of the boxes to reduce water 
currents which might fatigue the fish. In 
addition, large rocks were placed in each box 
to provide cover and quiet water areas. 

The boxes were checked each day for dead 
fish during the period June 29 through July 9. 
During the days spray was being applied (July 
1, 2, and 3), the boxes were checked before 
spraying began. The number of dead fish 
found in each box each morning is listed in 
table 2. 

The statistical test used to determine if 
the mortality rates which occurred at any of 
the stations were unexpectedly high, was the 
heterogeneity of the Chi-square test. A con- 
tingency table was first set up to determine 
if any significantly different mortality rates 
were present at any of the test or control 
stations. If the calculated value of Chi-square 
and its associated probability lead to the de- 
cision that the mortality which occurred at 
one or more of the stations was significantly 
different from what we would normally expect, 
then additional contingency tables were set 
up to determine at which stations the mortali- 
ties were different. 


The mortalities which occurred at the con- 
trol stations would theoretically represent the 
fish losses expected in the absence of the ef- 
fects of the spray treatment. 


A contingency table was set up to deter- 
mine if the mortalities which occurred at the 
control stations were significantly different 
from one another. If there were no significant 
differences in the level of mortalities which 
occurred at the control stations, then the 
combined mortality rate for all the control 
stations was used as the basis for comparison 
of the mortalities which occurred at the test 
stations. 


The mortalities which occurred at the test 
stations were the result of expected losses, 
the same as at the control stations, plus the 
losses, if any, due to the effects of the spray 
program. The treatment effects from the 
spray program were undoubtedly different for 
most test stations due to station locations and 
variable amount of DDT spray entering the 
streams above each test station. Thus, each 
test station theoretically received a different 
treatment from the spray application. 


Chinook salmon. The mortality of chinook 
salmon in the live boxes was higher than for 
either of the other two fishes. This higher 
mortality was undoubtedly a result of the 
salmon being collected with an electric shock- 
er and perhaps their being less able to with- 
stand the stresses of handling. Data in table 


2 show that the collecting and handling mor- 
tality took place during the first 2 days 
after the fish were collected and placed in 
live boxes. Apparently most of the handling 
mortality..had taken place before spraying 
began on June 30, as few dead fish were 
found the morning of July 1. 


Table 3. Contingency tables for chinook salmon live-box tests listing the number re- 
maining alive at the end of the test, and the number dying after June 30, 
1963 (Handling mortality which occurred the first 2 days has been eliminated) 


Test stations 


Control stations 


T-7 C-1 C-2 C-3 Totals 
A3 B35 4] A5 369 
6 3 4 1 33 
A9 38 45 A6 402 
2224 7.89 8.89 PAV 8.21 


x? == 155587(88dit.)” Probability of largersx = 0.05 


T-1 T-2 T-3 T-4) 
Alive 42 A6 40 34 
Dead 4 2 I 9 
Total 46 48 4] A3 
Percent 
dead 8.70 AR, 2.44 20.93 

Between controls 
C-1 C-2 C-3 Totals 

Alive 35 A] 45 121 
Dead 3 4 ] 8 
Total 38 45 46 129 
Percent 
dead 7.89 8.89 PMH 6.20 


xo 2.0302 Ce 
Probability of larger x7 = 0.39 


Test station 7 versus controls 


T-7 C-1 - C-3 Totals 
Alive 43 WA 164 
Dead 6 8 14 
Total 49 129 178 
Percent 
dead 1224 6.20 7.87 


Xe. 1.05. { led. t3) 
Probability of larger x? = 0.33 


Test station 4 versus controls 


T-4 
Alive 34 
Dead 9 
Total 43 
Percent 
dead 20.93 


C-] - C-3 Totals 
121 15S 
8 17 
129 Ae 
6.20 9.88 


x*o = 6.29 (1 dife) 
Probability of larger x? = 0.013 





1This station was located on a stream that received no special protection. 








Because of the large handling mortality, 
the effects, if any, of the DDT on salmon 
would be confounded unless the handling 
mortality is eliminated from the analysis. The 
collecting and handling mortality which oc- 
curred the first 2 days (prespray) was elim- 
inated from consideration by subtracting the 
losses from both the test and control stations. 
With the collecting and handling mortality 
subtracted from the data, the percent mortali- 
ties are as listed in table 3. 


The x’? value for the upper contingency 
table in table 3 is 15.58 with 8 degrees of 


freedom. The probability of obtaining a larger 
x? value is only 5 chances out of 100; thus, 
we would reject the hypothesis that the mor- 
tality was the same at all stations. 


The x? value for the test between controls 
was not unusually large as we would expect 
to find a larger one 39 times out of 100. Thus, 
we did not reject the hypothesis that the mor- 
tality between the various control stations was 
the same. 

The percent mortalities at test stations 4 
and 7 were the largest among the test sta- 
tions. Test station T-4 was on the lower end 


Table 4. Contingency tables for steelhead trout live-box tests, listing the number re- 
maining alive at the end of the tests, and the number dying after June 28, 














1963 
Test stations Control stations 

T-1 T-3 T-4 T-5+ T-7 C-1 C-2 C-3 Totals 
Alive 94 96 83 93 83 98 93 92 WS 
Dead 1 2 iS 7 1] 2 5 4 A7 
Totals 95 98 98 100 94 100 98 96 779 
Percent 2.00 Salo 4.17 6.03 
dead 1.05 2.04 Ses 7.00 11.70 

x? = 30.93 (7 d.f.) Probability of larger x* = less than 0.005 
Between controls Test station 5 versus controls 
C-1 C-2 C-3 Totals T-5+ C-1 - C-3 Totals 

Alive 98 93 92 283 Alive 93 283 376 
Dead 2 5 4 lat Dead i 11 18 
Totals 100 98 96 294 Totals 100 294 394 
Percent Percent 
dead 2.00 Selo Am /4 3.74 dead 7.00 3.74 IN EY/ 


Keele 400 2 c.t:,) 
Probability of larger x” = 0.50 


els led ts) 
Probability of larger x” = 0.30 


Test station 7 versus controls 





T-7 C-1 - C-3 Totals 
Alive 83 283 366 
Dead HH. 11 DD 
Totals 94 294 388 
Percent 
dead 748 She 5, (ou 


moa — "7202 8() *c-f:) 
Probability of larger x” = 0.008 


1These stations were located on streams that received no special protection. 
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of an unprotected stream. Test station T-7 
was on Hughes Creek just below Salzer Creek 
which was an unprotected stream. A 2 x 2 
contingency table was set up to test if the 
mortality at either of these stations was dif- 
ferent from that at the control stations. 


The corrected (for continuity) x? value for 
the test between T-7 and the control stations 
was 1.05, with a larger x? value to be expected 
33 times out of 100. With that large a risk, 
we could not reject the hypothesis that the 
mortalities were the same. In other words, 
we are not saying the mortality rates were 
the same, but that they are not sufficiently 
different to be statistically significant. 

The corrected x? value for the test between 
T-4 and the controls was 6.29, and we could 
expect a larger value only 13 times in 1,000. 
Thus, we reject the hypothesis that the mor- 
tality at test station 4 (T-4) was the same 
as that at the control stations. Thus, it would 


appear that the spray program caused some 
significant chinook salmon mortality at test 
station 4. 


Steelhead trout. As will be noted in table 
2, all the dead steelhead trout fry were found 
when the boxes were removed from the stream 
at the end of the test. These small fish were 
hidden beneath the rocks placed in the boxes. 
Because the dead fish were not found prior to 
the end of the test, immediate mortality due 
to handling, if any, could not be eliminated 
from the analysis. 

A contingency table of the number of live 
and dead steelhead trout found in the live- 
boxes at the end of the test is found in table 4. 
This contingency table was broken down to 
determine if the mortalities at any of the test 
stations were significantly different from those 
at the control stations. 

In the x? test of mortalities between the 
control stations, the x? value was 1.40, a value 


Table 5. Contingency tables for hatchery-reared rainbow trout live-box tests listing the 

number remaining alive at the end of the test and the number dying after 

June 28, 1963 

Test stations Control stations 
T-1 T-2 T-3 T-4' T-5' T-6 T-7 C-1 C-2 C-3 Totals 

Alive 47 47 48 47 49 50 49 49 46 49 481 
Dead #) 3 2 S 1 0 2 0 2 1 16 
Total 49 50 50 50 50 50 51 49 48 50 497 
Percent 
dead 4.08 6.00 4.00 6.00 2.00 0.00 3.92 0.00 4.17 2.00 geag 


x? = 6.68 (9 d.f.) Probability of larger x? = 0.67 


Test station 2 versus 4 versus control stations 


T-2 T-41 C-1 - C-3 Totals 
a ar hanna in la a Ripe oer 3 es SE 
Alive 47 47 144 238 
Dead 3 3 3 9 
Total 50 50 147 247 
Percent 
dead 6.00 6.00 2.04 3.64 


X40 2: O/e 2 Cte) 
Probability of larger x? = 0.27 





1These stations located on streams that received no special protection. 


that would be exceeded about half of the time. 
Thus, we did not reject the hypothesis that 
the steelhead trout mortalities at the various 
control stations were the same. 

The corrected x? value in the test between 
test station 7 and the control stations was 
7.02, a number that would be exceeded only 
about 8 times in 1,000. Thus, we rejected the 
hypothesis that the mortality at test station 
7 was the same as those at the control stations. 
Since the percent dead at test station 4 was 
even larger than at test station 7, the x? 
value would be even larger and thus the mor- 
talities at test station 4 were also signifi- 
cantly larger than at the control stations. As 
indicated previously, T-4 was on an unpro- 
tected stream and T-7 just below an unpro- 
tected stream. 

Hatchery-reared rainbow trout. The mor- 
talities of hatchery-reared rainbow trout fin- 
gerlings did not differ significantly between 
the test and control stations (table 5). 


The lack of DDT-caused mortality among 
the rainbow trout is not surprising in view 
of the small amount of mortality occurring to 
the chinook salmon fingerlings and steelhead 
fry. Trout are less sensitive to DDT than 
salmon, and fingerlings are less sensitive than 
fry (Gagnon 1958, and Hatch 1957). The 
concentration of DDT in certain sections of 
the streams was apparently sufficient to kill 
small numbers of chinook salmon and steel- 
head trout fry but not high enough to kill 
rainbow trout fingerlings. 


1964 


Three live-boxes were placed in the stream 
at each of the five test and two control sta- 
tions in 1964.’ 

Chinook salmon fingerlings (3-4 inches) 
were placed in one, steelhead trout fry were 
placed in one, and hatchery-reared rainbow 
trout fingerlings were placed in the third box. 

The boxes were checked each morning prior 
to spraying and the number of dead fish 
observed was recorded (table 6). The boxes 





1The station numbers in 1964 do not correspond 
to those of 1963. To compare similar stations, see 
figures 2 and 6. 
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were located in pools in the stream and wood 
baffles were used to reduce water currents 
which might fatigue the fish. The fish were 
placed in the live boxes up to a week prior to 
the start of spraying so that most losses due 
to handling would have occurred prior to the 
beginning of the test. 

The statistical techniques used to determine 
if losses at the test stations were significantly 
different from the losses at the control stations 
in 1964 were the same as those used in 1963. 


Chinook salmon. The percentage of fish 
dying in the live-boxes at the control stations 
was relatively high during 1964 (22 percent). 
A Chi-square (x?) test indicates that the mor- 
tality rate for chinook salmon at test station 
2, the test station with the largest losses, was 
not significantly different from the losses 
which occurred at the control stations (table 7). 


Steelhead trout fry. The mortality of steel- 
head trout fry in the live-box at test station 2 
was significantly larger than the losses at the 
control station (table 8). The losses at the 
remainder of the test stations were less than 
or not significantly larger than the mortality 
which occurred at the control stations. 


The higher than expected losses of steelhead 
trout fry at test station 2 may have been due 
to the effects of DDT spray entering the 
stream. The mortality of chinook salmon and 
rainbow trout fingerlings at this station were 
no higher than at the control stations, how- 
ever. There is no additional evidence which 
indicates the higher losses of steelhead fry 
were due to DDT. 


Rainbow trout fingerlings. The mortalities 
of rainbow trout fingerlings at test stations 1, 
3, and 5 were all significantly higher than the 
very low mortality rates at the control sta- 
tions. The losses at test stations 1 and 3, 
even though significantly higher than the 
losses at the control stations, were relatively 
small (table 9). 


The mortality of rainbow trout fingerlings 
at test station 5 was considerably higher than 
at the control stations and may have been due 
to DDT. The mortality rates of chinook sal- 
mon fingerlings and steelhead trout fry at test 


Table 6. The number of chinook salmon fingerlings, steelhead trout fry, and hatchery- 
reared rainbow trout fingerlings found dead each morning during the Hughes 


Creek DDT spray project, 1964" 


Test stations j Control stations 
Date 1 2 3 4 5 1 2 


Chinook salmon fingerlings 


DOV CO ere ese te ; 0 0 0 0 iy 
BOTY LO aoe ee arenes 0 — — 0 0 
July? Gee ee 0 0 0 0 0 
JUIVSE 2 Ret... Shee 0 0 0 1 0 
Ul Ya lid eee cee 0 0 0 0 0 
OLY SUGyce reco eee — 1 0 2 0 
ULYE 2 Mion.) 3 0 0 0 0 
JULY 255 ee eee 12 4 3 10 4 
Total number 

found dead .....-.. 15 5 3 13 11 
Live fish placed 

HO Kies ee ree ere 50 50 50 50 50 
Percent mortality -.--.. 30 10 6 26 22 

Steelhead trout fry 

SU y* 9 Sere ees 1 0 1 0 4 2 
July lO See — 0 —— aad 1 
July ell ee eet et 0 0 1 0 
ITY) pak ly Pek SR et eet a 0 0 0 0 
SONY o lS eeccerwet cere tee 0 0 0 0 
DUly 316.3 es 0 1 — 1 
Jul yee. meseceretsave. 1 12 6 6 10 
Jul 2 5 oh 2e eee 4 31 9 11 6 
Total number 

found dead ........ 6 44 17 18 21 
Live fish placed 

in bo Kxrectee ete 103 100 101 100 96 
Percent mortality -.--.- 5.82 44 16.83 18 21.87 

Rainbow trout fingerlings 

JULY Occ seen ree 0 0 0 0 0 0 
July OR 2s eee — 0 0 — 0 0 
July3 il peel ee 0 0 0 0 0 0 
July G2 tele 2c 2t- 0 0 0 0 0 0 
Jul ys |3 <oeeeee-cce-treee=s 0 0 0 0 0 0 
JULY 9 PO seecceeeeceeeeees 0 0 0 0 0 0 
July 24:7. See 0 0 0 0 0 0 
Jul y22 Sse: ees. Bee vA 0 5 0 23 0 
Total number 

found dead ........ i 0 5 0 23 0 
Live fish placed 

in boxset ete 100 100 99 100 99 100 
Percent mortality _.... 7 0 5.05 0 PLETE, 0 


-—-Oo09000000 


50 
22 


10 
10 


20 


110 
18.18 


(Ss) S CVS) 2) 


—_— 


100 





1Spraying on Hughes Creek was conducted July 9, 10, 11, 16, and 17. 
2Fish were lost from live boxes. 
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Table 7. Contingency tables for chinook salmon fingerlings placed in live-boxes listing the 
number remaining alive at the end of the tests, 1964 














Test stations Control stations 
T-1 T-2 T-3 T-4 T-5 C-1 C-2 Totals 
Alive : 35 45 47 37 39 39 242 
Dead 1s 5 3 13 11 11 58 
Total 50 50 50 50 50 50 300 
Percent 
dead 30.00 10.00 6.00 26.00 22.00 22.00 19.33 


x" = 14.04 Probability of larger x? = 0.02 





T-2 Control Total 
a5 78 ie 
15 22 a7 
50 100 150 
30.00 22.00 24.67 


x? = 1.14 Probability of larger x? = 0.30 


1Fish were lost from live box. 


Table 8. Contingency tables for steelhead trout fry place in live-boxes listing the num- 
ber remaining alive at the end of the tests, 1964 


Test stations Control stations 








T-1 T-2 T-3 T-4 T-5 C-1 C-2 Totals 
Alive 97 56 84 82 75 a 90 484 
Dead 6 44 V7 18 21 20 126 
Total 103 100 101 100 96 110 610 
Percent 
dead S372 44.00 16.83 18.00 21.87 18.18 20.65 


x? = 48.97 (5d.f.) Probability of larger x? = <.005 








T-2 Control Total 

56 90 146 

44 20 64 
100 110 210 
44.00 18.18 30.48 


x? = 16.46 (1 d.f.) Probability of larger x? = <.005 


ae EEE 


1Fish were lost from live box. 


ns 
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station 5 were similar to the rate for rainbow 
trout fingerling, but not significantly different 
from their controls, however. Based on reports 
in the literature and the results of tests from 
last year, if the losses of rainbow trout were 
due primarily to DDT, the losses of chinook 


salmon and steelhead trout should have been 
higher than that observed. Chinook salmon 
fingerlings and steelhead trout fry appeared 
to be more sensitive to DDT than rainbow 
trout fingerlings in the 1963 Hughes Creek 
tests. 


Table 9. Contingency tables for hatchery-reared rainbow trout fingerlings placed in 
live-boxes listing the number remaining alive at the end of the tests, 1964 


Test stations 


T-1 T-2 T-3 
Alive 93 100 94 
Dead 7 0 5 
Total 100 100 99 
Percent 
dead 7é 0 AOS 


T-4 


100 
0 


100 


0 


Control stations 


T-5 C-1 C-2 Totals 
76 100 99 662 
23 0 1 36 
99 100 100 698 
23.23 0 1 5.16 


x? = 86.67 (6 d.f.) Probability of larger x? = <.005 





T-3 Controls Totals 
94 199 293 
5 1 6 
99 200 299 
5:05 0.50 PALO 


x? = 7.2 (1d.f.) Probability of larger x? = <.01 
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ANALYSIS OF FISH FOR DDT 


1964 


Samples of fish held in the live boxes were 
taken before spraying commenced, during the 
spraying activity, and after spraying termi- 
nated. All fish dying during the study were 
collected and also submitted to the laboratory 
for DDT analysis. 


These fish were placed in clear plastic bags, 
labeled, and frozen until time of shipment to 
the laboratory. Upon shipping, the plastic 
bags containing the samples were placed in 
an insulated metal can which was packed with 
dry ice. 

Unfortunately, those fish dying during the 
test could not be analyzed by the laboratory 
due to the small size of the samples. (We have 
since been notified by the lab that samples 


smaller than 5 grams cannot be accurately 
analyzed.) 


The DDT concentrations presented in table 
10 are for composite samples of ten fish or 
more of the designated species. 


Prespray samples of rainbow trout and 
chinook salmon fingerlings contained a mean 
concentration of .045 and .042 ppm DDT 
in the control and test stations, respectively 
(table 10). Postspray steelhead fry from the 
control stations showed a mean concentration 
of .125 ppm DDT. Postspray steelhead fry 
from the test stations, however, showed a 
mean concentration of .292 ppm. 


It is unfortunate that the data are so limit- 
ing that prespray-postspray comparisons can- 
not be made between fish of the same species. 


Table 10. The concentration of DDT, ppm, found in prespray and postspray rainbow 
trout fingerlings, chinook salmon fingerlings, and steelhead fry that were tak- 
en from test and control stations in the Hughes Creek study, 1964° 


DDT concentration (ppm) 








Date Station Species Prespray Postspray 
(Control) 
7-8-64 C-1 rainbow 05 
7-8-64 C-2 rainbow .04 
Mean .045 
7-25-64 C-1 steelhead .18 
7-25-64 C-2 steelhead cz 
Mean ml 
(Test) 
7-8-64 T-2 rainbow 09 
7-8-64 T-3 rainbow .04 
7-8-64 T-3 salmon 01 
7-8-64 T-4 rainbow .03 
Mean .042 
7-25-64 T-1 steelhead .50 
7-25-64 T-2 steelhead .28 
7-25-64 T-3 steelhead .29 
7-25-64 T-4 steelhead yas 
7-25-64 T-5 steelhead 14 
Mean 292 


a  —— 


1Many more samples were taken during the study and sent to the lab for analysis but some of the 
samples were not large enough to be analyzed or were discarded for other reasons. 
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SAMPLING OF STREAM BOTTOM INSECTS 


1963 


Near each test station 1, 2, 4, and 7, and 
each control station, a large riffle was selected 
for sampling the stream bottom insects before 
and after spraying. A riffle area approximately 
8 feet wide by 16 feet long was divided into 
40 blocks. Ten randomly selected 2-square- 
foot samples were taken from each riffle 2 days 
before spraying, 2 days after spraying, 1 month 
after spraying, and 3 months after spraying. 
Two hundred eighty bottom samples were 
taken. 


Because of the large amount of variability 
associated with the sampling of stream bottom 
insects, sampling was purposely restricted to 
what appeared to be a rather homogenous rif- 
fle area composed of small rubble and gravel 
in an effort to reduce the variability. We 
realized that by restricting our sampling to a 
selected type of stream bottom, inference from 


the data would be more or less restricted to 
that bottom type. If we were to find signifi- 
cant changes in the number of organisms in- 
habiting the type bottom we sampled, how- 
ever, it could be assumed, without too much 
risk, that a change in number had taken place 
in the other bottom types in the stream. 


A circular frame (2-square-foot sample) cov- 
ered with window screen (14 meshes per inch) 
was used to collect the insects dislodged from 
the stream bottom. The samples were placed 
in glass vials and preserved for analysis at a 
later date. The total volume and number of 
insects by order was determined for each 
sample. 


At the three control stations, the mean 
volume of insects per sample appears to have 
remained fairly constant (control station 1) 
or to have increased (control stations 2 and 
3) between the first and last sampling dates 
(fig. 10). 


Figure 10. The mean volume of insects per bottom sample (2 square feet) for 10 samples col- 
lected on each of four different dates at each station in the test area, 1963. 
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At test station 1 (North Fork downstream 
from mouth of Hughes Creek) there was no 
apparent decrease in the mean volume of 
insects per sample. At test stations 2, 4, 
and 7, there appears to have been a reduction 
in the mean volume of insects per sample im- 
mediately after spraying. Some recovery by 
October was evidenced at stations 2 and 7. 

In an effort to determine if any of the 
increases or decreases in mean volumes were 
due to something other than chance variation, 
the 95 percent confidence intervals were com- 
puted for most mean volumes. Comparisons 
of pre- and postspray data were limited to 
within station comparisons. 

Even with the restricted sampling areas, 
the variability in the samples was quite large 
and most confidence intervals were plus or 
minus 30 percent or more of the mean. There- 
fore, only large differences in mean volumes 
could be detected as significant. Of special 
interest is the fact that the mean volumes for 
samples collected August 7 and October 3, at 
test stations 2 and 4, were significantly lower 
than the mean volumes of samples collected 
before spraying. The apparent reduction at 
station 7 was not significant. Again, it should 
be noted that station 4 was on an unprotected 
stream and station 7 was just below the mouth 
of an unprotected stream. 

Analysis of the bottom samples by numbers 
of organisms of each order indicated that the 
mayflies (Ephemeroptera) were the most 
abundant group in the samples from all sta- 
tions (fig. 11). 

Mayflies also were the most affected insects 
at test stations where insect mortality oc- 
curred. The number apparently decreased at 
all test stations after spraying, with varying 
recovery in numbers by October. 


1964 


Aquatic insects from the stream bottom 
were collected, preserved, and analyzed in 
1964 in the same manner as that of 1963. 
Some stations were numbered differently, 
however. In 1963, the test stations numbered 
2, 4, 3, and 7 were numbered 1, 2, 3, and 5, 
respectively, in 1964. The control stations in 
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1964 were both in different locations than 
those of 1963. Because the general spray proj- 
ect encompassed the entire North Fork drain- 
age in 1964, the control stations were located 
some 45 miles from the study area (fig. 1). 

In 1964, the first postspray insect bottom 
samples were taken 8 days after spraying 
terminated, compared to 2 days after spray- 
ing in 1963. The additional time lag before 
sampling was planned so the collection of 
dead insects in the bottom samples would be 
minimized. 

At control station 1, the trend of the mean 
volume of insects per sample throughout the 
summer appears to typify the trend for a 
normal stream. It increases sharply during 
the early summer, then recedes during the late 
summer and early fall (fig. 12). 

Control station 2 exhibited unusually high 
volumes of bottom insects during the first 
three sampling periods, but each succeeding 
sample was noticeably less than the prespray 
sample. 


Test stations 1 and 2 show decreases in the 
mean volume of insects per sample in the 
postspray samples of July 24 and August 19, 
with some recovery by October 19. 


The 95 percent confidence intervals were 
computed for the mean volumes of insects 
per sample to determine if the increases or 
decreases were due to something other than 
chance variation. The prespray and postspray 
data were compared only within the same 
station. Since the confidence limits over- 
lapped between each sampling period for the 
test stations, the decline noted in the quantity 
of bottom insects for test stations 1 and 2 
could have been due to chance variation. 


By separating the bottom samples into or- 
ders and calculating the mean number of in- 
sects per sample, it was apparent that mayflies 
(Ephemeroptera) and stoneflies (Plecoptera) 
were the two most prominent groups (fig. 13). 


At all stations the stoneflies showed some 
increase in population numbers as the season 
progressed. In contrast, the mayfly popula- 
tion decreased at each station except T-5, 
where the first postspray sample was higher 
than the prespray sample. After the first 


postspray samples, however, it too showed a 
steady decline. 

By comparing the mean volume of insects 
per sample for 1963 with the mean volumes 
for 1964, it appears that the insect population 
in Hughes Creek underwent some change 
(fig. 14). 


This change is most apparent by comparing 
the prespray volumes of the test stations. In 
1963, the prespray volume averaged some 55 
cc per sample while test station in 1964 av- 
eraged only 30 cc per sample. The reduction 
in mean volume of insects per sample im- 
mediately after spraying in 1963 was much 


Figure 12. The mean volume of insects per bottom sample (2 square feet) for 10 samples col- 
lected on each of four different dates at each station, 1964. 
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Figure 14. The mean volume of insects per bottom sample collected in 1963, compared with the 
same station and sampling period for 1964. The comparisons are made between the same sta- 
tions, even though the station numbers were changed in 1964. The 1964 station numbers are 
used in this figure. 
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more pronounced than the reduction in 1964. 
In 1964, however, the prespray population 
was substantially smaller than in 1963. 


In 1963, the predominant aquatic insect 
species were mayflies (fig. 12). They aver- 
aged approximately 10 per prespray sample. 
In 1964, mayflies also were predominant (fig. 
13), but they averaged only four insects per 
sample. This reduction could have been due 
to annual environmental variation or some 
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other natural factor, rather than the presence 
of DDT. 


In 1963, the mayfly population decreased 
substantially but rebounded significantly at 
three of the four test stations. In contrast, 
the 1964 mayfly population started out at a 
low level, decreased, presumably by the spray- 
ing activity, and never did rebound to its 
original prespray magnitude in any of the test 
station sampling areas, except the first post- 
spray sample at station T-5. 


SAMPLING OF DRIFTING INSECTS 


1963 


In addition to bottom insect samples, sam- 
ples of drifting insects were collected with drift 
nets before and during spraying. The drift 
nets had a 1-square-foot opening with the 
net made of aluminum screen (14 meshes 
per inch). Drift net samples were taken for 
15 minutes on an hourly schedule at most 
stations. 


There were few insects found drifting in 
the streams when the prespray samples were 
taken on June 28 (fig. 15). 


On June 30, the day of the 0.5 pound spray- 
ing by helicopter, increased numbers of in- 
sects were taken in the drift nets at test 
stations 2, 3, and 7, but not at stations 1, 4, 
and 6. It is obvious from these data that 
some spray did enter Hughes Creek. Test 
stations 1, 4, and 6, were located in the North 
Fork of the Salmon River below the mouth of 
Hughes Creek, in Ditch Creek, and in the 
West Fork of Hughes Creek, respectively. 


Increased numbers of insects, many of them 
dead or moribund, were taken in the drift 
nets at test station 4, beginning on the second 
day of spraying. Ditch Creek was not one of 
the protected streams and no attempt was 
made to avoid spraying over the stream with 
the TBM-type aircraft. The large numbers 
of insects taken in the drift nets at this sta- 
tion corresponds with the decreased number 
of bottom organisms found in the bottom sam- 
ples and in fish mortalities in the live boxes. 


1964 


Samples of drifting insects were collected 
in 1964 in the same manner and with similar 
equipment as that used in 1963. 


In the prespray samples of July 8, small 
numbers (approximately five insects per sam- 
ple) of insects were found. to be drifting in 
the stream (fig. 16). 
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Moderate to large increases (from 12 to 100 
insects per sample) in drifting insects were 
detected at each test station that was oper- 
ated on both days of helicopter spraying. Test 
stations T-1, T-2, T-3, and T-4 were not oper- 
ated on July 10, since the helicopters were 
spraying only in the vicinity of T-5. 


During the TBM spraying of July 11, in- 
creases in drifting insects were even more 
pronounced. At test station 3, the number 
of drifting insects increased 11,000 percent 
more than the prespray average of July 8. At 
test station 5, the increase was 3,600 percent 
more than the prespray average. 


A short term experiment, conducted in 1964 
by the authors, indicated that the presence 
of DDT is difficult to detect, by using the 
number of drifting aquatic insects as an indi- 
cator, if the DDT is applied to the stream 
more than 14% miles from the drift insect 
sampling station. In this experiment, it was 
noted that only a 315 percent increase in drift- 
ing insects was observed when DDT was add- 
ed to a stream (flow of 4 cfs) to make a 0.4 
ppm concentration (to simulate 1 pound per 
acre DDT) a distance of 1.5 miles above the 
sampling site. 


On July 16 and 17, the TBM sprayed the 
forested areas above 6,000 feet in elevation. 
This was more than 114 miles above all of our 
drift sampling stations except station 5 and 
possibly station 4. These two stations were 
the only areas that showed slight increases 
in drifting insects on July 16. No increases 
were observed on July 17, when the upper 
extremities of the Ditch Creek area were 
sprayed. 


1963 and 1964 


By reviewing the drift insect and water 
sampling data for 1963 and 1964, it is appar- 
ent that some DDT was deposited in the 
stream on each day of spraying. During each 
year, much higher increases in drifting insects 


‘urd 





"uldadjs pajaazoidun up fo yynou ay2 mojaq 7snl som u02}D}7S Z-J, 
"UDal]S pajIajOLdUN UD UO SDM U014D4IS F-J1 


















App jo owily 
‘wd | ‘wn y ‘wb O| a ‘wn QI ai ‘we Ol is ‘wd Ol ‘wn 7 
0 
OS 
Z UODYS 4sa] 
0— OOl 
Os 
Q UOl{D{S 4s9] 
00170 
at 
if 0S 
f UONDIS 4so] 
Prac 0—] 0OL 
OS 
€ YUOWDIS {so 
001} 0 
OS 
J YOHDIS 4{Se] 
0— 00l 
OS 
[| YUOL}PIS se] 





$194do0o1|9}H 


Anidsjsod 





V&9GI ‘SUu01}04S 484} 7D Sulkdids Su1inp puv alofag sajdulps jau-7flip aynuIu-G] Ul pajIajjoa sjaasul a13onNbp fo 4aquinu ay, “GI ains1yq 


ajduips sad syoasul yo saquINN 


42 


App jo ouy 
‘wd Z ‘wD py ‘urd Z ‘wD py ‘ud 7 ‘wD py “u'dZ ‘wD p “wd Z ‘wp y ‘wd Z ‘wD 7 


uayxD} 
ajdwps on 
uayD] 
uayxD} 
ee Z UODIS {S21 
uayxD} 


Zt Aine 91 Ajne LL Alor OL Aine Pertierra] g Ajne 
$194d031}9} 


"E96 ‘Su01]01S 180} 7D Surkvids Su1unp pun alojag sajduos jau-7fup aynulu-G] ut pajaayjoa szaasu2 a1yonbp fo saqunu ayy, “gf ains1y 








ajdwpos on 


UdaxD} 
ajdwos on 





uayD} 
ajdwips on 





fe) 
Ye) 
ajduins sad syrasul yo 1aqUINAY 





OS 


OS 





uayxD4 
ajduips on 


i 
| 
a 


OOl 


43 





vv 
OOl LSL‘L 
cil Lvl 
8 68 
SV 02S 
Z €8 
Le CLE 


juardlag JaquINN 
2 


cS 


0Ol 


L 
ZL 


97 
S 
oS 


S 


ce 


OOl 
0 
OV 
él 
v~ 
/4h 


S 


Z09'1 


Zl 
002 
LLV 
eA 
906 


JUDIIDdg JOQWNN 


LV 
0 
él 
6 
LL 
8 


juariag sequin 


OoL 
S 
ES 
el 
A 
SV 


8e 


8S 
Le 
LOc 
82 
el 
L9Z 


juariag JaquNN 


OOL 


Zl 
oe 

LO 
él 
Le 


v 


SS 


7607 


6S€ 


é6Ll 
CLS 
SOV 
Jee) 


JU9II9g IIQUINAY 


v 


Le 
OOL 98Z'L 
€ L9 
El 6072 
v wae 
6 vSl 
LZ 997'L 


juariag 1aquINN 
€ 


SUOHDIS JSO] 





es 
ool (BS. 
vA OV 
if co 
8e 1g 
cl G8 
67 LOL 


juarlag JAaqUINN 
e 


SUONJDIS JS2] 


8V 
OOL Sv 
Ol vi 
8¢ $8 
6 el 
€ v 
02 62 


juariag JaquiNN 
A 


6€& 


vos 


juarieg Jaquiny 


P9I6| ‘PaiD jsa} 2015 





LV 
0Ol CL 
a GZ 
LL Sv 
14 L8C 
vi 081 
9V S8S 


juardiag JOqQWINN 
G 


seyBny ayy ul suolpys 4ysey yO HulAnids Buiinp pup siojaq sajdwins jau-jjip 
Ul Pajda];O2 syasuI ByONbY jo siapio SNOLIDA Jo SBHpjuadIed pup uaquinu ayy “Z|, 2/qP] 


OOol 
€ 
Ol 
ce 
fC 
0€ 


L 


cE 


621 
& 
el 
SV 
62 
6€ 


juardiag JaquUNN 


C96L ‘PaiD say yaa 


saybny ayy ul suoljDys ysay yO BurAnids Burinp pup aijojeq sajduins jau-jyiuip 
Ul Pa}2a]/02 syr9suI DyONbY jo siapso sNoUDA Jo aHpyuadIJad pup Jequinu ayy “|| ajqny 


L 





sajdwps 
JO saqunan 


S[DJO] 


pbiajdoajoy 
pisjdiq 
piaydoysuy 
psajydoda|q 
Diajdosswaudg 


siapio 
pasu] 


sojdwps 
fO Jaquinn 


S[DJO] 


biajdoajoy 
piaydig 
pbiaydoysiuy 
D1a4doda}q 
piajdoiawayudg 


s1apso 
yasu] 


44 


were observed when the fixed-wing aircraft 
were spraying than when the helicopters were 
spraying. 


The insect sampling program was designed 
to collect only the larger insect forms; there- 
fore, some of the smaller insect forms, especial- 
ly Diptera larvae, are not represented in their 
true abundance. A limited number of samples 
with a small mesh net indicated large numbers 
of smaller insects, mostly Diptera, drifted in 
the stream after spraying commenced. 


The mayflies were abundant in the drift 
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net samples, but other groups were also numer- 
ous (tables 11 and 12). 


At some stations, species representing the 
orders Tricoptera and Diptera were more 
abundant in the drift catches than the may- 
flies. The differences in abundance of the 
various orders of insects in the bottom and 
drift-net samples may have been because es- 
sentially only one habitat type was sampled 
in the bottom-sampling program or that the 
various orders were not equally affected by 
DDT. 


NOCTURNAL SAMPLING OF 
DRIFTING INSECTS 


1963 


Nocturnal samples of drifting insects were 
not taken in the 1963 study. 


1964 


In an effort to establish an index of the 
aquatic insect population before and after 
spraying, drifting insect samples were taken 
during the night from 8 p.m. until 4 a.m. 
They were spaced at 1-hour intervals for 
a length of 15 minutes per sample and were 
collected with the same drift nets as those 
used in the other drift insect sampling (1- 
square-foot opening at mouth of net with 
14-mesh-per-inch aluminum window screen 
for the net material). 


Other experimenters (R. Graham, by per- 
sonal contact, 1964) have found that the 
number of drifting organisms in a normal 
stream will begin to increase in the evening 
hours, reach a peak during the night, and then 
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decrease as the sun rises in early morning. 
This same pattern of drift was found in 
Hughes Creek in the prespray samples of 
July 7 and 8 (fig. 17). 

When spraying commenced, the number of 
nocturnally drifting insects collected in each 
drift sample was noticeably higher than in the 
prespray samples. Again, the fixed-wing air- 
craft were responsible for the largest increases 
in drifting insects. There was a 1,585 percent 
increase over the prespray average at station 
3 on July 11. 


On July 16, at both test stations, the mean 
number of drifting insects per sample was only 
about 25 percent of the mean number of in- 
sects per sample in the prespray samples. If 
the number of drifting insects is a true indi- 
cation of the size of the aquatic insect popu- 
lation in the stream, then we have some 
indication that the insect populations above 
these stations were reduced substantially by 
the spraying activity, possibly by as much 
as 75 percent. 
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